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Success in the treatment of amebic abscess of the liver may be 
held to be some measure of the efficiency of the procedure employed. 
Certainly invasion of the liver by the parasite—an indication of its 
extension beyond the wall of the bowel—is a serious manifestation 
of the disease. Evidence of this is afforded by the high mortality 
which occurred prior to the introduction of emetine by Sir Leonard 
Rogers.4 Although emetine serves to control the acute mani- 
festations of the infection, it has been difficult to eradicate the 
parasite completely. We have reported, from time to time, im- 
provements in treatment which have proved most effective, but 
we were curious as to the late results we had obtained among 
patients who had hepatic involvement. In reviewing the records 
of the past 1S years we find that 18 patients who had an abscess of 
the liver have come to operation and that 17 others have been 
regarded clinically as presenting signs of hepatic involvement. 
| rainage or aspiration of an abscess of the liver with identification 
of the ameba in the pus is definite proof but it is not possible to 
prove actually that hepatic damage occurred in the patients not 
operated on. 

One might expect that amebic abscess of the liver would be uncom- 
tion in the North Temperate Zone. Hence, it was surprising to 
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find that the ameba was the cause of the abscess in 18 (14°) of 125 
cases of abscess of the liver encountered at The Mayo Clinic. The 
actual incidence of amebic abscess of the liver and hepatitis in rela- 
tion to amebiasis itself is small, that is, approximately 2 or 3% of the 
cases, in our practice. This would seem a fairly accurate incidence 
for the north, barring massive infections such as occurred in the 
Chicago epidemic, but is, by no means, indicative of what may be the 
incidence in the south and in the tropics. 

That the resistance of women is greater than that of men would 
again seem to be substantiated among patients who have hepatic 
damage due to the ameba. Of the 1S surgical patients, all were 
men and only 4 of the 17 medical cases were women; thus, 4 of the 
35 patients were women. Although age is of no particular impor- 
tance, the average is in the fourth decade with a range from 17 
to 59 years. It has been noted in similar discussions that an associ- 
ated or even antecedent diarrhea may be absent. It bears repetition 
to stress that 8 of these 35 patients did not have diarrhea; nor was 
there a history of diarrhea. Pain, usually in the right upper quad- 
rant, was the most frequent symptom. Pain also was noted in the 
lower right portion of the thorax, epigastrium, and in the left upper 
quadrant. Reference of pain to the right shoulder was noted in 8S 
instances and to the left shoulder in 1 instance, indicating dia- 
phragmatic irritation. Likewise, fever was a common symptom, 
although not present in 4 cases at the time of the patient's admission. 
lever associated with chills had occurred in 15 cases. 

The composite picture is that of a middle-aged man, with or with- 
out a history or the presence of diarrhea, who suffers with pain in 
the upper right quadrant. This pain is a steady soreness which 
varies in intensity but is not like the colic usually associated with 
disease of the gall bladder. Fever, 1 to 5° above normal, is associ- 
ated with the pain. The pain is likely to be referred to the shoulder. 
Leukocytosis is present but both fever and leukocytosis may be 
minimal during a quiet phase. On physical examination there may 
be tenderness of the liver which may be elicited only by compressing 
the lower ribs or by a thrust of the examining hand against the liver 
when the patient inspires deeply. Roentgenologic examination of 
the chest may reveal elevation of the right half of the diaphragm 
and may even give evidence of fluid in the lower right portion of the 
thorax (10 of 29 cases). A mass in the region of the liver or enlarge- 
ment of the liver is often present (8 of 35 cases). Occasionally, 
a draining sinus, the walls of which seem to be disintegrating, is 
present, if an operation has been performed previously (9 of the 
18 surgical cases). Jaundice may be present but it is not intens« 
(noted in 9 of 33 cases). Examination of the stool and pus from th« 
abscess, if available, should be positive although repeated searc] 
may be required. In this series, criticism may be directed towar 
the fact that stools positive for the ameba were found in only 2! 
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cases. In 6 additional instances, pus from the abscess was found to 
contain the parasite. The 3 patients, examination of whom gave 
no actual proof that amebas were present in stools or pus, responded 
so characteristically to antiamebic treatment that we make no 
apology for including them. “ Never” is a poor word to use but, 
to date, we have “never” seen any disease that is so definitely 
improved by treatment within 36 to 48 hours as amebiasis after 
emetine is administered (3 to 4 grains); this improvement is apparent 
to both patient and physician. 

As additional evidence of severity of infection, if the patient’s 
condition permits, ulcers may be visualized through the proctoscope 
(7 of 17 patients examined) and the barium enema may show ulcer- 
ative changes, usually in the cecum (3 of 13 patients examined). 
In our series, the patients who were severely ill were not examined 
by these two methods. 

If it is known that the liver is damaged, the extent of such damage 
may be determined partly by use of the bromsulphalein test. Of 
7 medical cases, 5 did not give evidence of retention of the dye and 
2 gave evidence of retention graded 1 to 2 (on the basis of 1 to 4). 
Of 6 surgical cases, 3 gave evidence of retention of dye graded 1, 
2 graded 2, and 1 graded 4. 

Result of Treatment in Medical Cases. }*ourteen of the 17 patients 
are available for study of late results. Of the remaining 3, 1 died 
within 32 hours after admission. He was in extremis and so little 
could be accomplished that the diagnosis of perforation of amebic 
cecal ulcers and amebic abscess of the liver was not established until 
necropsy. The other 2 patients were seen in 1919 and in 1922 and 
we could obtain no recent data. The results of treatment of the 
remaining 14 patients may be noted in Table 1. 


TABLE 1.—Resvutts: MepicaL TREATMENT OF AMEBIC INFECTION OF LIVER. 


Case Date first Latest 

No. seen information, Condition. 
l 1933 Dec., 1937 Apparently well 
2 1934 1935 Apparently well 
3 1934 Jan., 1938 Apparently well 
4 1932 Jan., 1938 Apparently well 
5 1935 Jan., 1938 Apparently well 
6 1934 Jan., 1938 Apparently well 
7 1934 Months later Unknown 
8 1932 Dec., 1937 Apparently well 
i) 1933 Dec., 1937 Apparently well 
10 i 1934 Sept., 1937 Apparently well 
11 1934 Jan., 1938 Apparently well 
12 1935 Jan., 1938 Apparently well 
13 1935 Dec., 1937 Apparently well 
14 1928 Months later Unknown 


It would be presumptive for us to use the word “cure’’; but it is 
encouraging to have this group, each member of which gave clinical 
evidence of a serious condition which disappeared, as if by magic, 
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after antiamebic treatment. In view of their history of symptoms 
antedating treatment and the fact that little, if any, difficulty has 
been experienced since then, one cannot help but feel that a suitable 
régime has been employed. One example should be mentioned 
which might be considered as a damper against unwarranted thera- 
peutic claims. Case 6 represents the only patient in this medical 
group concerning whom the question of adequate antiamebic 
therapy was raised and in whom the classical signs of hepatic damage 
later developed. He was seen at the clinic, for the first time, in 
1926 because of bloody diarrhea which was found to be due to 
I. histolytica. He received emetine and 4 times he received a 
course of 15 tablets of stovarsol. The response was character- 
istically excellent and he remained well until December, 1935, at 
which time he developed pain in the region of the liver. On read- 
mission, in March, 1934, examination of the stools again gave 
positive results for /. histolytica. There was marked tenderness 
over the left lobe of the liver and he had fever and leukocytosis. 
Emetine and treparsol were administered and all symptoms abated; 
in 48 hours he said he felt well. Further treatment with emetine 
and treparsol was carried out at home and on his visit here in 
January, 1938, he was in fine health. Examination of stools gave 
negative results for /. histolytica. We are inclined to consider this 
patient as an example of reinfection rather than one of exacerbation, 
because he has been well for 7 vears. 

We do have record of 3 of this medical group who had received 
some antiamebic therapy but it had been scanty and unsystematic; 
such treatment, we know, is not conducive to good therapeutic 
results. Although 2 or 3 years may be too short an interval of time 
to permit unwarranted therapeutic claims, yet the illness that pre- 
ceded treatment in each case and the good health subsequent to 
treatment make it difficult to avoid enthusiasm. 

Surgical Cases. Considering the surgical aspect of these 1S pa- 
tients, one is impressed by the difficulty encountered in establishing 
a correct diagnosis. We realize that amebic abscess of the liver is, 
by no means, as frequently a surgical problem as disease of the gall 
bladder, ruptured ulcer, or even a lesion in the hepatic flexure of the 
colon, yet the presence of an abscess in that region should arouse 
suspicion. Usually the pus is characteristic, a dark reddish, choco- 
late-colored material which is rather thick. This material continued 
to drain from several patients without decreasing in amount, a> 
one would expect of a pyogenic abscess. With persistence of drain- 
age, there may be a melting away, a digestion, of walls of the sinu: 
tract. In 1 instance, this had progressed until the patient had : 
hole in his epigastrium large enough to admit a fist. The digestiv: 
feature was recognized and attributed to pancreatic ferments fron 
drainage of what was probably a pancreatic cyst. When the thick 
dark, sullen flowing pus finally was examined for amebas, th 
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problem was settled and after treatment was instituted, filling in 
of the huge hole was merely a matter of a few days. 

The presence of fluid in the right side of the thorax has proved 
misleading. Drainage through the region of resected ribs has been 
undertaken, the opening later being enlarged, and the etiologic 
factor being discovered only after the pus was examined for amebas. 
Also, we have had the experience of pus obtained from a draining 
sinus being sent “for culture’’ and for the usual bacteriologic 
studies, which delayed diagnosis for days until it was reported that 
“amebas have not been found.” Apropos of this, Magath* has 
pointed out to us that the first pus obtained, or even that from a 
dressing is not likely to reveal the parasite; he makes a practice of 
obtaining material from the sides or edges of the sinus tract, be- 
cause it is there that the parasite is working and living. We are apt 
to forget that the word “ histolytica’? means “dissolving tissue” 
and, therefore, it is not surprising that F. histolytica stays close to 
its base of supplies, in the walls of the sinus tract. 

Eleven of the 1S patients had been operated on prior to admission 
to the clinic. One of them was a patient whose condition we had 
diagnosed as amebic colitis and who returned home to carry out 
treatment. He failed to complete his regimen and developed a mass 
in the region of the liver which his doctor drained through the side. 
Two patients had received much antiamebic treatment but before 
admission to the clinic, in spite of the treatment, an abscess had 
developed which was aspirated in one case and drained in the other. 
In both, the abscess persisted and was present on admission to the 
clinic. Eight of the patients stated that abscesses of unrecognized 
etiology had been drained and the drainage had persisted from 1 to 
10 months. It was remarkable that 7 of these 8 patients had main- 
tained even a moderately fair level of resistance. The resistance of 
the eighth patient was greatly depleted even though his abscess had 
drained for only a month. Effort was made to afford better drainage 
and he also received 6 grains of emetine hydrochloride, but to no 
avail, and he died within 48 hours. 

Three patients who had been operated on elsewhere and who, when 

admitted, had draining sinuses, were not operated on here. Ex- 
amination of material from the walls of the sinus revealed the para- 
site and institution of antiamebic therapy relieved the surgeon of 
further care of the patient. Operations were undertaken at the 
linic on 15 patients. We noted, in the preceding paragraph, the 
patient im ertremis who died within 48 hours. A second patient 
inderwent drainage of a large right subphrenic abscess and only 
{ter some further time elapsed was the pus examined for amebas. 
“pecific treatment was administered over a period of about 3 weeks 
hut was of no avail in preventing his death. 

The following operations were carried out on the remaining 13 
patients: aspiration of the left side of the thorax (2 cases), estab- 
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lishment of drainage through resection of a low right rib (4 cases) on 
the lateral side, and drainage through the abdomen (7 cases). 
Antiamebic treatment was instituted as soon as the diagnosis was 
established. 

The most dramatic case that we have encountered was that of a 
man (reported previously) who, when first seen at the clinic, was 
unable to lie down; he was thin and very weak. He was scarcely 
able to breathe because of a constant cough productive of thick, 
dark-colored, foul-smelling sputum. On the lower right portion of 
the thorax were scars of a recent rib resection. He had a moderate 
diarrhea which added to his sorrows. ‘The temperature was 100.5° F. 
(38.1° C.) and the pulse rate was 150 beats per minute. The pre- 
liminary suggestion had been made that carcinoma of the lower lobe 
of the right lung was present. An alert resident physician had sent 
the sputum and stool for examination for amebas. EF. histolytica 
was present in the stool and immediately treatment was begun. 
Twice, the lower right portion of the thorax was aspirated and, 
following these procedures, the abscess ruptured spontaneously 
through the old scar. Release of much purulent material, in which 
I. histolytica was identified, contributed greatly to the patient’s 
relief. He remained here for several weeks at the end of which time 
he seemed to have recovered completely. A report, 2 years later, 
spoke of no further trouble. In this patient, the abscess of the liver 
had ruptured through the diaphragm and into the bronchial tree. 

The question often arises, if you could establish the diagnosis, 
could not operation be avoided? Yes, we feel it might, as judged 
on the basis of experience with the 1S medical cases. On the other 
hand, occasionally there was a patient (2 in our series) of whom 
abscess of the liver was suspected. Much antiamebic therapy was 
administered; yet, neither of these 2 patients was able to absorb 
the large collection of fluid and, therefore, open drainage was neces- 
sary. In fact, 1 patient had undergone aspiration of the region of 
the abscess three times, only to suffer prompt refilling of the cavity. 
The general impression must hold that development of an abscess is 
unlikely if the patient has received adequate treatment. The 2 
patients first mentioned must be exceptions that prove the rule. 

Table 2 summarizes data concerning the 18 patients who under- 
went operation. The treatment of | patient (Case 16) must be con- 
sidered a failure. Following operation and treatment at the clinic 
in 1919, he remained in apparently excellent health until 1925 when 
he had an attack of bloody diarrhea which was diagnosed as ame- 
biasis. This was fairly well controlled until 1931 when another 
abscess of the liver developed. We are indebted to his physician for 
the data of 1925 and 1931. Again the question arises concerning 
whether this represented a relapse (6-year interval) or a reinfection 

As a corollary, we have record of 4 patients (all men), who gave « 
history of having undergone an operation for amebic abscess of th« 
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liver. One patient (seen at the clinic in 1925) was operated on in 
South Africa in 1906 and must represent one of the few persons who 
were hardy enough to survive what was probably amebic infection 
in days when no specific treatment was known. <A second patient 
had undergone drainage of an abscess on three occasions in a period 
of 3 years. At this time, he was having moderate diarrhea and be- 
ginning to sense pain in the region of the liver. /. histolytica was 
identified in the stool. Treatment was apparently successful and, 
10 vears later, he reported no further trouble. A third patient had 
undergone drainage of an abscess of the liver in 1927, followed by 
some antiamebic treatment. On examination in 1929, there was no 
evidence of abscess of the liver but he did have a granulomatous 
mass in the rectum which, it was thought, might be carcinoma. 


TABLE 2.— RESULTS: SuRGICAL TREATMENT OF AMEBIC ABSCESS OF LIVER 


Case Date first Date last 
No seen report. Condition, 
l 1928 1930 Apparently well 
2 Oct., 1936 Dec., 1937 Apparently well 
3 \ug., 1937 Jan., 1938 Apparently well 
4 1920 1937 Apparently well 
5 1925 1937 Apparently well 
6 1924 1928 Apparently well 
7 1930 1938 Apparently well 
S 1929 1938 Apparently well 
9 1931 1938 Apparently well 
10 1930 1938 Apparently well 
11 1927 1938S Apparently well 
12 1927 1935 Apparently well 
13 1925 1937 Apparently well 
14 1930 1937 Apparently well 
15 1928 1034 Well (died of other causes) 
16 1919 1932 Recurrence? 1925 
17 1925 Died post- 
operatively 
18 1932 Died post- 


operatively 


I’. histolytica was identified in the stool and specific treatment 
brought about an apparent cure. The fourth patient gave a history 
of having had an abscess which had been drained on two occasions 
and he stated that it was amebic. He had no evident amebiasis 
when examined at the clinic. Hence, some few patients may not 
only survive operation for unrecognized amebic abscess of the liver 
hut have little or no further trouble. These must be hardy, tough 
individuals and one cannot bank very heavily on such good fortune 
to often repeat itself. Even though it may be all but impossible to 
make a correct preoperative diagnosis, microscopic examination of 
the pus from any liver or right pleural abscess should quickly estab- 
lish the diagnosis. It bears repetition to urge care in obtaining 
material for examination and not to be turned aside too easily by 
one report of negative findings. It is not scientific medicine but a 
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life may be saved by empirically administering emetine, if skill 
in the recognition of /. histolytica is lacking. 

Another question has been raised regarding the danger of using 
arsenic in the presence of amebic abscess of the liver. Our experience 
obviously is small, as represented by these few cases; in fact, 3 of 
the 18 surgical cases were encountered before we used arsenic 
routinely. We can state, however, that we have seen no untoward 
results from the use of arsenic. On the contrary, we have seen 
failure to respond rapidly and fully until arsenic was administered. 
There is always the factor of individual tolerance to the drug, for 
which one must always be on guard, but, other than this, we have no 
hesitancy in advising the use of arsenic. One might coin the slogan, 
“Emetine to check the acute symptoms and arsenic to wipe out the 
amebas.”’ Our present method of treatment is summarized as 
follows? “If the patient is quite ill, he is kept in bed for the first 
few days; if he is not particularly ill, hospitalization is not necessary. 
Obviously the diet may need to be bland and simple if there is much 
dysentery, but very rapidly, that is, within 24 to 48 hours, a full 
and generous diet is begun. . . . 

“If the patient has not received antiamebic treatment recently, 
he is given 0.065 Gm. (1 grain) of Burroughs, Wellcome & Co. 
emetine hydrochloride, subcutaneously, twice daily for 3 days. After 
an interval of a week, 0.043 Gm. (two-thirds grain) of emetine is 
given twice daily for three more days. With the institution of the 
emetine, treparsol, 0.25 Gm. (4 grains), is administered orally with 
each meal for four days. If there is no intolerance to arsenic, two 
more such courses are prescribed with intervals of ten days between 
the courses. .. . 

“Tf stool tests are positive following this regimen, three courses of 
chiniofon are prescribed: 3 Gm. orally per day for a week and re- 
peated for two more such courses, with a week's interval between 
courses. If diarrhea is increased, the daily dose is decreased, thereby 
prolonging each course. Failure after this would indicate a course 
of one injection of arsphenamine weekly for six weeks, and 1 drachm 
(3.88 Gm.) of bismuth subnitrate from three to six times daily 
during the period.” 

Summary. Invasion of the liver by FE. histolytica is a serious 
complication of amebic infection. The diagnosis of involvement of 
the liver is suggested by the symptoms of pain in the upper part of 
the abdomen, often referred to the shoulder, by fever, chills, leuko- 
cytosis, and, usually, but not always, an associated diarrhea or 
history of diarrhea. Unless an abscess develops which is aspirated 
or drained, it is not possible to prove that the liver is involved. 
However, such a syndrome as listed above, which is relieved by 
antiamebic treatment is all but proof of amebic infection. As a 
corollary, a similar picture uninfluenced by antiamebic treatment 
is not amebiasis, except in the rare instances of a huge collection o! 
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pus which must be drained and then, of course, the proof of FE. his- 
tolytica should be promptly obtained. Faith in the efficacy of our 
medical treatment would seem supported by the results in these 
cases; not that we have ceased trying new drugs, but until just as 
effective ones with even less toxicity than we now encounter are 
available, we feel justified in considering emetine and treparsol 
as the backbone of our treatment. 

Regarding our surgical cases, it is obvious both from clinical 
experience as well as from this review, that the correct preoperative 
diagnosis of amebic abscess of the liver is by no means easy. How- 
ever, if the surgeon encounters an abscess in the upper right portion 
of the abdomen, the source of which is not obvious or, if there is 
fluid in the thorax (as a result of extension from the liver through the 
diaphragm) and the material from the abscess is thick and dark in 
color, it is difficult to think of allowing such an abscess to remain 
undiagnosed without performing an examination for £. histolytica. 
Figures will vary with material available for study but probably 
10 to 15% of abscesses of the liver seen in the North Temperate Zone 
are due to histolytica. 
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In 1932, Richter, Ivy and Kim’ reported the presence of the 
“specific anti-anemic substance” in an extract obtained postmortem 
from the liver of a treated case of pernicious anemia and its absence 
from the liver of an untreated patient with this disease. They 
issumed, therefore, that when the specific anti-anemic substance is 
idministered to a patient with pernicious anemia the liver stores it. 
(heir observations were confirmed by Wilkinson and Klein* and 
vy Goldhamer, Isaacs and Sturgis.! 

* Presented by title before the meeting of the American Society for Clinical 


ivestigation, Atlantic City, May, 1937 
| This study was made possible by a special grant from Parke, Davis & Co. 
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Wintrobe and Shumacker® (1933), and Wintrobe® (1936) called 
attention to the association of macrocytic anemia and liver disease 
and on the basis of clinical and pathologic studies advanced the 
hypothesis that this anemia may be due to inability of the diseased 
liver to store the anti-anemic substance. As far as we were aware, 
the only direct proof of this assumption was the observation of 
Goldhamer, Isaacs and Sturgis that an extract prepared postmortem 
from the liver of a patient with cirrhosis and macrocytic anemia 
was ineffective in eliciting a hematopoietic response when admin- 
istered parenterally to a patient with pernicious anemia in relapse. 
This observation, together with other experimental data, led them 
to conclude that the specific hematopoietic substance might not 
be stored by a severely damaged liver, or even though stored, 
might not be delivered to the tissues. It therefore appeared to us 
desirable to obtain additional data on the presence (or absence) 
of the anti-anemic substance in the diseased human liver. 

Method. Extracts were made from a normal ealf’s liver and from 5 
diseased human livers according to the following method, kindly furnished 
us by Dr. Raphael Isaacs,? which is essentially that of preparing Cohn’s 
fraction G: “Suspend 500 grams of liver finely chopped in 1 liter of water 
and stir thoroughly. Heat this on a steam bath to 80° C. until the protein 
appears to be precipitated. Filter. Add enough concentrated hydro- 
chloric acid to the filtrate to precipitate the acid-coagulable protein. Filter. 
Concentrate under reduced pressure to 300 ec. and add enough 95° alcohol 
to make the solution 70°; alcohol. Filter. Remove the aleohol under 
reduced pressure. Concentrate the remaining fluid to 100 ce. Filter.” 


The patients selected for injection had typical pernicious anemia 
with a red cell count between 1 and 3 million per ¢.mm., had re- 
ceived no anti-anemic treatment in the form of liver, iron, arsenic 
or transfusions for at least 1 month prior to the injection, were 
free of infection (with one exception) and subsequently showed a 
complete remission under specific treatment. 

Before preparing the extracts of the human livers, a control 
extract was made from a normal calf’s liver and administered intra- 
muscularly to a patient with pernicious anemia. A satisfactory 
response was obtained (Fig. 1). 

Extracts were then prepared from the livers of the following 
patients with hepatic disease: 

Case 1. Extract from G. H. (No. 360238), patient with hepatic cirrhosis 
The patient was a male, aged 54 in whom a diagnosis of hepatic cirrhosis 
was made 2 years prior to death. The diagnosis was based on the presenc: 
of an enlarged firm liver and an enlarged spleen together with a strong 
alcoholic history. The blood Wassermann test was negative. There was 
no anemia and no history of hematemesis. On March 1, 1936, he was hos- 
pitalized because of ascites. At that time, the red count was 3 million 
the hemoglobin 68% (Sahli) and the M.C.V. 105. A post-histamine achlor 
hydria was present. There were no abnormal neurologic findings. Ther 
was 20% retention of bromsulphalein } hour after injection of 2 mg. of the 
dye per kg. of body weight. The Takata-Ara test was positive. Thi 
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icteric index was 11. On March 31, and again on April 1, 1936, he was 
given 2 cc. of a commercial liver extract intramuscularly (of which 1 ce. 
was derived from 100 gm. of liver) but no hematopoietic response was 
obtained. He was given 3 additional injections of 1 ec. of this liver extract 
during April, 3 in May, 2 in June and 4 in July (the last on July 31st), in 
spite of which there was a progressive increase in the anemia. A Talma- 
Morrison operation was performed on May 19th, at which time a “marked 
atrophic cirrhosis” was described. On August 30th, the day before death, 
the red cell count was 2.2 million, hemoglobin 47°; and the M.C.V. 100. 
The patient died in coma on August 31, 1936. 


RESPONSE TO CALF LIVER EXTRACT PREP- 
ARED BY METHOD EMPLOYED IN EXTRACT- 
ING _HUMAN LIVERS | 
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Necropsy (4 hours after death): The liver was described as small, pale 
vellow and finely nodular, and weighed 900 gm. Microscopic examination 
revealed extensive fibrosis with lymphocytic infiltration. 

An extract prepared from the liver and administered intramuscularly 
to a patient with pernicious anemia produced a typical response (Fig. 2). 

It may be argued that the hematologic response could be ascribed 
to the administration of the commercial liver extract, even though 
none had been given for a month prior to the patient’s death. Re- 
ardless of this, the response obtained would indicate the ability 
‘a diseased liver to store the anti-anemic substance. 
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CasE 2. Extract from L. K. (No. 16423), patient with hepatic cirrhosis. 
The patient was a painter, aged 32, who was first admitted to the medical 
service on December 24, 1933, because of hematemesis. He had had inter- 
mittent digestive distress including pain in the epigastrium occurring imme- 
diately after meals for 4 years. There was a strong history of alcoholism. 
He was found to have an enlarged liver and spleen with no evidence of 
ascites. There was 30°, retention of bromsulphalein } hour after the injec- 
tion of 2 mg. of the dve per kg. of body weight. The icteric index was 11. 
The blood Wassermann test was negative. A gastro-intestinal Roentgen 
ray series showed no evidence of peptic ulcer. The blood count on discharge 
was 3.2 millions with 45°, hemoglobin. The gastric contents contained 
free hydrochloric acid. 
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He was again seen on June 11, 1935, at which time he presented muc! 
the same findings except that his liver was not palpable, there were very 
prominent superficial veins, and ascites and slight icterus were present 
The icteric index was 19. The Takata-Ara test was positive. The blood 
count showed 60°, hemoglobin with 2.9 million red cells. Macrocytosis 
was prominent in the stained blood smear. The M.C.V. was 100. The 
patient died 6 days after admission following massive hematemesis. He 
had at no time during his illness received any anti-anemic therapy other 
than iron. 
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At necropsy a ruptured esophageal varix was demonstrated. The liver, 
which weighed 1600 gm., was described as tawny vellow, coarsely nodular 
and of extremely firm consistence. Microscopic sections revealed extensive 
fibrosis, lymphocytic infiltration and apparent bile duct proliferation. 

An extract prepared from this liver vielded a satisfactory response when 


administered intramuscularly to a patient with pernicious anemia (Fig. 3). 
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Case 3. Extract from F. R. (No. 28478), carcinoma of the hepatic duct 
with cirrhosis and hepatic metastases, The patient, Ik. R., a female hurse 
iged 45, was admitted to the medical service of this hospital on Septem- 
ber 7, 1934, complaining of jaundice of 1 week’s duration which had been 
receded for several days with fever, chills, nausea, diarrhea and abdominal 
min. There was no history of alcoholism. There was a history of nervous 
ndigestion following a back injury 3 years before. Her liver was found 

» extend about 2 em. below the right costal margin, while the spleen was 

it felt. The icteric index was 100 and the serum bilirubin 16.5 mg. &% 
lhe blood Wassermann test was negative. The hemoglobin was 90% and 
ie red count 4.4 millions. It was at first felt that the patient had catar- 

ial jaundice, but because of progressive increase in the icterus (icteric 
dex 165, serum bilirubin 25 mg. ©) laparotomy was performed 1 month 
ter. An inoperable tumor occluding the hepatie duct was found. Follow- 

g operation, the jaundice remained completely obstructive as verified 


; 


SIS SCHIFF, RICH, SIMON: 


by repeated stool and urine examinations. In April, 1935, the spleen be- 
came palpable and in May, ascites developed. The bromsulphalein reten- 
tion varied between 80 and 100°; throughout her stay. Anemia gradually 
developed, the red count varying between 2.8 and 3.5 millions, the hemo- 
globin between 61 and 70°, and the M.C.V. between 102 and 111. Free 
hydrochloric acid was present in the gastric contents. 

The patient died in coma on July 4, 1935. The liver was described as 
‘‘smaller than average,” yellowish red and of increased consistence. Micro- 
scopic sections revealed diffuse fibrosis and scattered metastases. 

An extract administered intramuscularly to a patient with pernicious 
anemia produced the effect as noted in Fig. 4. 
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Case 4. Extract from J. B. (No. 24540), patient with chronic passive 
congestion of the liver. The patient, a white male, aged 74, was admitted 
to the medical service of this hospital on December 8, 1935, with acute 
congestive heart failure. He had had symptoms of cardiac weakness for 
about 3 years and had been admitted 14 years before with congestive heart 
failure, which was felt to be due to arteriosclerotic hypertensive heart dis 
ease with auricular fibrillation. At that time, he remained in the hospita! 
for 2 weeks; signs of congestive failure including an enlarged tender live! 
were present. During the present admission which was of only 2 hours 
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duration, there was no visible icterus, hemoglobin was 70°/ (Sahli) and the 
red cells numbered 3.9 millions. An M.C.V. determination was not done. 

Necropsy (performed 12 hours after death) showed the presence of a 
typical nutmeg liver weighing 1805 gm., which on microscopic section 
showed central necrosis with hemorrhage. There was extensive generalized 
arteriosclerosis. An extract prepared from this liver was administered to a 
patient with pernicious anemia and cystitis with an effect as shown in Fig. 5. 
The presence of cystitis might have prevented the development of a more 
marked reticulocytosis, although the patient eventually had a complete 
remission. 


RESPONSE TO EXTRACT OF LIVER OBTAINED AT AUTOPSY FROM 
PATIENT J.B. WITH CHRONIC PASSIVE CONGESTION OF LIVER 
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Case 5. Extract from H. P. (No. 46891), patient with chronic myeloid 


leukemia. The patient, a white male, aged 70, was admitted to the medical 
service of this hospital on October 22, 1935. He complained of increasing 
weakness and dizziness for 2 to 3 years with marked pallor for over 1 year. 
Dyspnea and ankle edema had been present for 6 months. In addition to 
marked pallor slight fever was present. The abdomen was distended due 
to ascites. The liver was felt one fingerbreadth below the right costal 
nargin and the spleen extended halfway to the left iliac crest. The white 
ells numbered 500,000 per c.mm. and the blood smear was typical of 
nyeloid leukemia. The hemoglobin was 45% (Sahli) and the red cells 
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numbered 2.7 millions. An M.C.V. was not done. The patient died of 
bronchopneumonia 14 days after admission. 

Necropsy was performed 3 hours after death. The liver which weighed 
3480 gm. was described as large, moderately firm, and pinkish yellow. 
Microscopic sections revealed extensive leukemic infiltration. An extract 
prepared from it was administered to a patient with the result as noted in 
Fig. 6. 


RESPONSE TO LIVER EXTRACT OBTAINED AT AUT- 
OPSY FROM PATIENT H.P WITH LEUKEMIC INFILT- 
RATION OF LIVER (CHRONIC MYELOID LEUKEMIA) 
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Summary. [Extracts were prepared from the livers obtained post- 
mortem from 5 patients with chronic liver disease. These included 
2 examples of portal cirrhosis, 1 of obstructive cirrhosis secondary 
to neoplasm of the hepatic duct, 1 of chronic passive congestion 
and 1 of extensive leukemic infiltration. The extracts were admin- 
istered intramuscularly to a suitably controlled group of patients 
with pernicious anemia in relapse. A characteristic reticulocytosis 
resulted, followed by an increase in hemoglobin and red cell count 
and by marked clinical improvement. 

The 3 patients with cirrhosis presented a macrocytic anemia, 
while the type of anemia in the remaining 2 patients was not defi- 
nitely determined. 
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Conclusion. ‘The human liver may contain the specific hemato- 
poietic principle even when it is the seat of extensive and protracted 
disease. This holds true even in the presence of macrocytic anemia. 

This strongly suggests that the macrocytic anemia associated 
with liver disease is not caused by failure of the liver to store the 
specific anti-anemic substance. 


We wish to express our appreciation to Dr. Ralph H. Fuller, of the Department of 
Pathology for his co6peration in this study 


REFERENCES. 


(1.) Goldhamer, S. M., Isaacs, R., and Sturgis, C. C.: Am. J. Mep. Scr., 188, 
193, 1934. (2.) Isaacs, R.: Personal communication. (3.) Richter, O., Ivy, A. C., 
and Kim, M. 8.: Proc. Soc. Exp. Biol. and Med., 29, 1093, 1932. (4.) Wilkinson, 
J. F., and Klein, L.: Quart. J. Med., 3, 341, 1934. (5.) Wintrobe, M. M.: Arch. 
Int. Med., 57, 289, 1936 6.) Wintrobe, M. M., and Shumacker, H. S.: Bull 
Johns Hopkins Hosp., 52, 387, 1933 


A CONSIDERATION OF THE PHENOMENON OF PURPURA 
FOLLOWING SCARLET FEVER. 


By M. J. Fox, M.D., 
DIAGNOSTIC PHYSICIAN, SOUTHVIEW HOSPITAL FOR CONTAGIOUS DISEASES, 
AND 
NORBERT ENzeErR, M.D., 
DIRECTOR OF LABORATORIES, MOUNT SINAI HOSPITAL, 
MILWAUKEE, WISCONSIN, 


SEVERE purpura during the course of scarlet fever or following in 
its wake, has been a rare phenomenon in our experience. During 
the past 13 vears only 2 cases of severe purpura were observed in 
very nearly 12,000 scarlet fever patients. Two other incidents of 
mild purpura have been studied. These occurred in individuals 
who had recently passed through a bout of scarlet fever, the purpura 
appearing after the termination of quarantine. 

The literature contains about 50 reported cases of severe purpura 
occurring during the course of, or as a sequel to, scarlet fever. The 
rarity of the condition, therefore, warrants presentation of other 
cases and a discussion of the significance of this clinical entity. 

We have had only two opportunities to perform necropsies on 
cases of scarlet fever with purpura. These 2 cases are not detailed 
in this series, as we do not have sufficiently accurate clinical data. 
In both of these the skin and viscera exhibited purpuric manifesta- 
tions of a fine discrete type. The distribution of the purpura was 
most marked on the serous membranes, but also occurred in the 
bladder and intestinal tract. The significant feature of these 2 
cases is that carefully performed postpostmortem cultures did not 
lisclose streptococci in the blood or in these purpuric lesions. They 
vere reported to us as of about 2 weeks’ duration and of a fulminat- 
ugtype. The immediate cause of death in these cases was attributed 
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to severe toxemia, as there were no other significant anatomic 
features to which death could be attributed. 

The essential gross lesions found in these gases were: A diffuse 
congestion of the lungs; a rather extensive pleural ecchymosis and 
purpura; cloudy softening of the myocardium with few fine dis- 
crete purpuric spots on the epicardium and at the base of the mitral 
valve; hyperplasia and swelling of the mesenteric and mediastinal 
lvmph nodes; moderate hemorrhagic engorgement and hyperplasia 
of the spleen; a moist and pale liver; fine petechize in the gastric 
and intestinal mucosa, chiefly in the upper portions of the intestinal 
tract; moderate swelling and congestion of the kidneys without 
purpura; purpura in the bladder mucosa; and discrete, scattered, 
purpuric spots on the skin of the lower extremities. The diagnosis 
of scarlet fever was based upon antemortem findings and cultures 
from the throat. Microscopy disclosed considerable, generalized, 
parenchymatous swelling. The purpuric areas were not associated 
with thrombosis, but consisted of minute extravasations of blood, 
frequently perineural in distribution and often confluent to form 
large hemorrhages. The kidneys were not remarkable. 

The following data are concerned with our clinical observations: 


Clinical Abstracts. Cask 1.—-A white girl, aged 13, entered the Mil- 
waukee City Hospital for Contagious Diseases on February 11, 1937, with 
a history of sore throat and vomiting of 3 days’ duration. On the fifth day 
of the disease a generalized rash appeared. The physical examination dis- 
closed a typical strawberry tongue, injected pharynx, and a scarlet fever 
erythema of the skin. The temperature was 100.6°, the pulse 94 and the 
respirations 23 per minute. The blanching test was positive. Urinalysis 
did not disclose any abnormal constituents. A diagnosis of scarlet fever 
appeared warranted. The past medical history was entirely negative except 
for chicken-pox and measles. In particular, there was absence of a personal 
or familial history of evidences of hemorrhagic diatheses. 

On the sixth day in hospital the temperature, which had been moderately 
elevated, returned to normal. On that day vaccination was performed. 
Two days prior to this there had been a moderate cervical adenitis which 
was now disappearing. On the tenth day in hospital stomach cramps de- 
veloped, and there was a mild febrile reaction. There now appeared numer- 
ous discrete purpuric spots on the ventral surfaces of the lower extremities 
The following day there was blood-tinged vomiting and more abdominal 
cramps. Tenderness and pain in the epigastrium developed. Large 
purpuric hemorrhages around the elbows and fresh crops of petechial spots 
over the lower extremities made their appearance on the 12th to the 14th 
day of the illness. Leukocyte count: 23,800 per c.mm. No hematuria 
The hemorrhage in the skin continued to spread, involving the trunk and 
extremities, and also appeared in the conjunctive, sclera, and palate. A 
diagnosis of Henoch-Schénlein purpura was made. Glucose and saline 
were administered by vein along with 80 cc. of convalescent serum. Three 
days after the appearance of the purpura the phenomenon was widely dis- 
tributed. A whole blood transfusion was given. <A blood platelet count at 
this time, namely, the 14th day in hospital and the 4th day of the purpura, 
was 300,000 per c.mm. Coagulation time and bleeding time were normal. 
The clot retraction was adequate. Nausea and vomiting continued along 
with fresh purpuric manifestations. On the 5th day of the purpura 0.2 ec 
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of a 1/3000 dilution of moccasin snake venom was given subcutaneously. 
The following day this was increased to 0.4 ce. At this time the purpura 
of the face, palate, and uvula was so intense as to warrant the use of the 
term “infarction.”” Blood transfusion was repeated. 

On the 8th day of the purpura the urine was quite bloody. Snake venom 
was increased to 0.8 cc. New purpuric areas did not appear after the 8th 
day of the condition. Hematuria disappeared within a day or two, although 
albuminuria persisted for several days. She was transferred to another 
institution 31 days after admission to the fever hospital. The clinical 
course after this was that of progressive improvement with gradual dis- 
appearance of the purpura, and at the present writing this patient has 
entirely recovered and does not present any abnormalities in the blood nor 
any evidences of purpura, even after the application of the tourniquet test. 
Figures 1, 2, 3, 4, and 5 are indicative of the distribution and extent of the 
purpura. 

Case 2.—A white female, aged 18, was admitted to the hospital January 1, 
1935, having had a sore throat and vomiting for 4 days. The tongue was 
typically strawberry. There was an injected pharynx and enlarged cervical 
lymph nodes. On the day after admission to the hospital uterine bleeding 
began and continued for 20 days, during which time the erythrocytes in the 
blood were reduced to 2,640,000 pere¢.mm. During the period of uterine 
bleeding widely distributed purpuric spots, over the lower extremities, in 
particular, developed. On the 22d day in hospital the patient was trans- 
ferred to another hospital and was given a blood transfusion. She was dis- 
charged from that hospital on February 10, 1935, free of purpura and 
apparently entirely well. During this period she was given moccasin snake 
venom once. The blood of this patient showed anemia. The platelets 
ranged from 190,000 to 250,000 per ¢.mm., the leukocytes from 5000 to 6100 
per c.mm., the bleeding time, coagulation time, and clot retraction were all 
entirely normal. 

Case 3.—A white female, aged 22, had a mild attack of scarlet fever in 
1933. After discharge from the hospital irregular uterine bleeding de- 
veloped, and shortly after, wifhin a few weeks, recurrent crops of petechiz 
in the skin, particularly on the lower extremities appeared. Hemorrhages 
occurred in the skin upon the slightest traumatic provocation. This con- 
dition continued for about a year, during which time there were occasional 
attacks of hematuria, associated with renal colic. Blood transfusions were 
performed on 3 occasions. In the latter part of 1935 there was a moderate 
degree of anemia. The hemoglobin was 13.5 gm. The blood platelets 
were entirely within normal limits. Bleeding time, coagulation time, and 
clot retraction were normal. There was a slightly purpuric manifestation, 
chiefly on the lower extremities. The urine contained a few blood cells. 
The tourniquet tests were weakly positive. Recurrent abdominal pain, 
mostly in the right lower quadrant, was a rather prominent feature. Snake 
venom therapy was started, but each injection was followed by severe local 
reaction and purpura, and after 6 attempts this therapy was discontinued. 
The patient was again observed in the latter part of 1936, at which time all 
signs of purpura had been absent for several months, and the condition 
seemed to be entirely relieved. Menstruation was normal, and there was 
complete relief from all previous complaints. 

Case 4.—An 11-year-old boy developed scarlet fever in June, 1937. 
One week after discharge from quarantine purpura developed which involved 
the skin and mucous membranes of the mouth. At this time mild hematuria 
was detected. Fresh crops of purpura appeared daily for 4 days. A blood 
examination disclosed a mild anemia. After the 4th day of purpura, follow- 
ing a blood transfusion, the condition subsided, and in September, 1937, 
the boy appeared entirely well without any evidence of purpura and without 
iny evidences of nephritis. 
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Comment. The purpuric manifestations in these cases were 
apparent chiefly in the skin, although the mucous membranes in 2 
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of the cases were also involved. In the first case, the hemorrhages 
became confluent, and local infractions resulted. Distribution ove! 
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-, 3,4 and 5.—Purpuric lesions. Case 1. 
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the bony prominences was a feature of this case. Prominent in all 
cases was the absence of detectable enlargement of the spleen or 
liver. In none of these cases was there any evidence of previous 
hemorrhagic tendencies or of familial hemorrhagic characteristics. 
Associated with the purpura was hematuria in all of these incidents. 
The hematuria disappeared with the purpura and appeared to be a 
part of the hemorrhagic episode. None of these cases was followed 
by evidences of nephritis. It would appear, then, that hematuria 
in scarlet fever may be a purpuric phenomenon and that in the ab- 
sence of evidences of kidney damage, hematuria by itself is not 
evidence of scarlet fever nephritis. 

Scarlet fever toxin appears to have a strong effect upon capillary 

endothelium. Thus, the toxin injected into the skin produces 
erythema, in which evidences of capillary fragility and damaged 
endothelium appear. This phenomenon occurs in the vascular 
endothelium of the glomerular tufts. The hematologic findings in 
our cases would seem to be of little significance so far as positive 
data are concerned. Except for the anemia, which responded 
apidly, there was not any evidence of toxic depression of the bone 
marrow. Thrombocytopenia reported by others, was not a feature 
of our cases. Leukocytosis was not striking in our cases, although 
it has been reported by others. 

Treatment by blood transfusion and snake venom seems to be 
indicated. The use of snake venom in acute nephritis has been sug- 
gested by Peck and Baehr. Snake venom was found by Peck® to 
inhibit the Shwartzman reaction, and because of the hemorrhagic 
features of this reaction, the use of snake venom was suggested as a 
means of increasing capillary resistance to the streptococcic toxin. 
In our experience, the value of snake venom in this condition is not 
established, but its use should be encouraged. Blood ‘transfusions 
likewise seem beneficial. Splenectomy and Roentgen ray therapy, 
reported by others, seems to us unsound. 

Stevenson,” in 1912, was able to find only 33 cases of purpura in 
scarlet fever. McConnell and Weaver,’ in 1922, found about 50 
cases of purpura hemorrhagica and of purpura fulminans associated 
with scarlet fever. In 1933, Box? was able to find about 50 cases 
recorded. 

The clinical features of purpura in scarlet fever will depend upon 
the severity of the process. In the fulminating type the hemorrhages 
develop and spread rapidly. Confluence is a prominent feature. 
Skin and viscera are severely involved. Distribution over bony 
prominences is striking. The lesions may exhibit dark to black 
discoloration, infarction and necrosis may follow. Hemorrhages 
from the nose, pharynx, bowel, bladder, and kidney are to be 
expected. Hemorrhages into joint cavities did not occur in our cases. 
The spleen and liver were not enlarged. Fever is variable and maj 
be severe. In the milder cases the hemorrhages are finer, more dis- 
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crete, and less apt to be confluent. Skin and visceral surfaces are 
involved, and the condition may become subacute or chronic and 
intermittent. 

Hematuria is a feature of both types. The urinary sediment does 
not contain evidences of renal parenchymal irritation. The entire 
course of the hematuria and its disappearance with the subsidence 
of the purpura indicated rather strongly that the capillary endo- 
thelium in the kidneys has been rendered permeable as a result of 
the direct action of the scarlet fever toxin. As previously mentioned, 
scarlet fever toxin produces changes in capillary endothelium 
(Smith"). In the areas of erythema, produced by injecting the 
toxin, Birkhaug has demonstrated swelling of these cells. In early 
glomerulonephritis the lesions are distinctly capillary and vascular. 
In this form of purpura it seems likely that the lesions develop as a 
result of a toxic endotheliosis, although this term should not be 
taken to imply that capillary endothelium, sensitized by the toxin, 
proliferates as in other forms of endotheliosis. 


TABLE 1 ReEviIEW OF Bioop Counts IN SCARLATINAL PURPURA * 


Remarks. 
Biernacki and Dykes Sth week f § 85 10 2 
Elliott 19th day 2.3 Not iner. 65.4 79 13 16 5.2 § nucleated red cells 
Risel ltth day 5.2 Not incr 8.1 8 > 4 2.4 2.1 3 nucleated red cells 
Rolleston and 
MeCirick 10th day 1.8 Not incr. 57 6 63.4 63 Many microcytes 
MeCirick ISth day 3 7 Not incr. 15 7 2 
Prior 22d day 5-¢ 15 1.5 t Coag. time, 4 mins. 
Gibson and Hobson day 4.9 Large 27.3 71 21 
numbers 
Wood-Smith 16th day 5.4 & 163 6.4 61 a] 5 l Platelets 378,000 
later 
Box and Massing- 
ham 13th day 3.4 65 Oin 40 S 81 14 2 2 
R.BA 
Prior 23d day 4.5 64 146 21.9 77 LA 4 5 Transitionals, 0.5 
some 5.11 
very large 
Prendergast 40th day 4.5 55 Noneseen 20.4 50 32 2 Transitionals 4% 
Box 5th week 2.9 40 93 22.1 66 26 6 2 Few nucleated red 
cells; polychroma- 
sia 
Fox and Enzer Iith day 4.1 92 367 23.6 78 ll 7 3.5 0.5 Coag. time, 4 min.; 
Case | bleed time, 5 min.; 
sed. rate, normal 
Fox and Enzer 7th day 2.6 48 154 5.0 56 27 3 5 7 2 Poikilocytosis; ani- 
Case 2 socytosis; micro- 
cytes; bleed. time, 
15 min.; coag 


time, | min 


* Most of the data in this table are taken from the article by Box,? in which the differential counts did not 
always add up to 100%. 

A study of the reported cases discloses rather incomplete hemato- 
logic investigations. Table 1 summarizes the available literature on 
the subject and includes data from Cases 1 and 2 reported here. 
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In our cases, thrombocytopenia did not occur. There was a moder- 
ate to severe acute anemia, and leukocytosis may occur. The 
stained smears did not give any evidence of significant bone marrow 
activity. 

Treatment of the condition can hardly be said, at the present 
time, to be entirely specific or even well-founded. We found trans- 
fusions, and, we believe, snake venom to be helpful and perhaps 
effective. However, spontaneous recovery is also a_ possibility, 
particularly in the milder cases. The effectiveness of transfusion is 
probably based upon a desensitization of the capillary endothelium, 
or perhaps its past results are due to increase in capillary “ resis- 
tance.’ Peck and Schneierson'? showed that moccasin venom did 
not prevent the development of nephritis in scarlet fever, but also 
it did not damage the renal capillaries. Since the glomerulo- 
nephritis is essentially a vascular phenomenon, Baehr suggested the 
use of venom to inhibit the development of the lesion, much in the 
manner that venom inhibits or prevents the Shwartzman phenom- 
enon. It was from that point of view that the venom was used 
in this case. The use of venom in purpura has been reported by 
several authors, notably, Rosenthal and Peck.* We hold no brief 
for the use of venom in these cases, but suggest it be given a trial 
“arly in the condition. 

Splenectomy has been suggested by several authors, notably, 
Pemberton," Askey and Toland,'! Brown and Elliott,’ and Pollok.” 
Jones and Tocantins® suggest the use of whole blood transfusion. 
Rudisill® reports the successful use of Roentgen ray irradiation of 
the spleen. Klima® recommends Tryphman (adrenals); and Green- 
wald,* snake venom. ‘To us splenectomy and irradiation seem 
decidedly contraindicated. 

In the final analysis, this type of purpura appears to be due to an 
allergic or hypersensitive state to a specific protein agent. ‘Treat- 
ment should be directed to minimizing the allergy (increased resis- 
tance) or neutralizing the antigen. 

Summary. Purpura in severe and mild forms occurs rarely in 
scarlet fever. Thrombocytopenia does not appear to be a factor in 
the production of the purpura. Purpura did not occur in the re- 
ported cases prior to the scarlet fever. Sensitization of the capillary 
endothelium by the scarlet fever toxin affords a reasonable explana- 
tion for the purpura, since the scarlet fever toxin strongly affects 
capillary endothelium. Hematuria in scarlet fever, in the absence 
of other evidence of nephritis, is probably an expression of the effect 
of the scarlet fever toxin on the glomerular endothelium, and in that 
sense, is indicative of renal purpura. Hematuria, therefore, is not 
necessarily evidence of nephritis. 

The literature on the subject is reviewed and in this report 4 
instances of purpura following non-fatal scarlet fever are described. 
The postmortem findings in 2 other instances are briefly reviewed. 
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CHRONIC LEUKEMIA. 


A STUDY OF THE INCIDENCE AND FACTORS INFLUENCING 
THE DURATION OF LIFE. 


By Byrp S. Leavett, M.D., 


ASSISTANT IN MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE); ASSISTANT RESIDENT 
NEW YORK HOSPITAL, NEW YORK CITY 


From the New York Hospital and Department of Medicine, Cornell University 
Medical College 

THe medical literature contains little data relating to the inci- 
dence of leukemia. This study of the records of patients suffering 
from leukemia in several large general hospitals located in New 
York, Boston, and Philadelphia* has provided additional informa- 
tion not only with regard to the incidence but also concerning the 
significance of certain prognostic signs. 

The Variation in the Incidence of Leukemia Since 1904. Wollstein 
and Bartlett!’ (1925) reported 15 instances of acute leukemia among 
25,246 admissions to the Babies’ Hospital in New York City. 
Hoffman and Craver (1931) state that myelogenous leukemia makes 
up only 0.4% of the patients seen at Memorial Hospital in New York 
City. Ordway and Gorham" state that 1 case of leukemia occurs 
among every 1000 hospital admissions. Ikeda® (1931) found 77 
cases of leukemia in the records of 12,396 necropsies at the Uni- 

ersity of Minnesota Hospital from 1900 to 1928 inclusive. Niel- 
en! (1932) reported that in Denmark the annual death rate from 
cukemia was roughly | per 50,000 population, the figure being 
ased on an examination of death certificates for the period 1923 

32. The first two of these reports are not from general hospitals. 

The autopsy records of the Boston City, Massachusetts General, 

d the New York Hospitals from 1905 to 1934 were studied in an 
«fort to determine if there had been any change in incidence during 
tiat 30-year period. 

We are grateful to the Boston City, the Children’s (Boston), the Massachusetts 


eral, and the University of Pennsylvania Hospitals for permission to make use 
heir records. 
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Cases of acute and chronic myelogenous, lvmphogenous, and 
monocytic leukemia were included.* Instances in which the diag- 
nosis was questionable and cases of lymphosarcoma were not in- 
cluded. Because of the fact that at the New York Hospital, 
autopsies on stillbirths and individuals less than 10 years of age 
accounted for only 5% of the necropsies prior to 1932 and 50% of 
the total since 1932, all autopsies on persons 10 years of age and 
under have been excluded from this hospital’s series. ‘The results 
are presented in Table 1. 


TABLE 1.—TuHeE INcIDENCE oF LEUKEMIA — AUTOPSIES. 


Boston City Hospital. Mass. Gen. Hospital New York Hospital 
No. of Cases of No. of Cases of No. of Cases of 
Years. autopsies. leukemia. autopsies. leukemia. autopsies. leukemia. 
1925-34 4909 41 (0.8%) 2793 59 (2.0%) 1622 18 (1.1%) 
1915-24 1865 10 (0.5%) 1360 19 (1.4%) 915 7 (0.78% 
1905-14 1601 8 (0.5%) 2231 19 (0.9%) 1003 5 (0.5% 
Totals 8375 6384 97 3540 


Although the incidence of leukemia at necropsy differed in the 
hospitals studied, in each instance both the percentage of leukemia 
cases and the number of leukemia cases have increased with each 
succeeding decade. The significance of this increase at autopsy 
cannot be determined because the result obtained in a study of this 
kind is affected by so many factors that cannot be measured or 
estimated accurately, such as the improvement in the diagnosis of 
leukemia by the practising physician, the percentage of such pa- 
tients in the community that were hospitalized, the incidence in all 
the other hospitals in the community during the same period, the 
policy of the hospital about admitting certain types of disease, the 
presence or absence of a staff member especially interested in leu- 
kemia, the decreasing number of deaths from other causes. 

The incidence of leukemia based on clinical diagnoses and hospital! 
admissions at The Children’s (Boston), Massachusetts General, and 
the University of Pennsylvania Hospitals is shown in Table 2. 
Only the first admission of the leukemia patient was counted. The 
figures for the different hospitals cannot be compared, because th 
figure for “number of admissions” does not have the same sig- 
nificance at all the institutions. At the Children’s Hospital (Boston 
it includes only ward and private medical patients, at the Massa- 
chusetts General Hospital only the medical and surgical patient: 
admitted to the public wards, while at the University of Pennsy! 
vania Hospital it includes all admissions on all services, privat: 
room, and public ward. 

Prognostic Factors. Most writers on the subject?.7;?%"6 stat 
that a decline in the general condition of the patient, increasing 

* They have been grouped rather than tabulated according to the predominat 


type of cell because of the relatively small number of cases in most of the peri: 
studied. 
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anemia, increasing percentage of blast cells, increasing leukocyte 
count, and the manifestation of a bleeding tendency indicate an 
unfavorable course and progression of the disease. While the cor- 
rectness of these prognostic signs in a majority of instances is estab- 
lished by clinical experience, in the literature there are few records 
of attempts to evaluate the accuracy of these guides by the study 
of a group of cases. The purpose of the second part of this com- 
munication is to present the results of such a study in order to de- 
termine the relationship of several of these factors to the duration 
of life 
2. OF LeuKEMIA: CLINICAL DIAGNOSES 


Children's Hospital Boston. 


Leukemia per 
1000 admissions. 


No of No of ~ 
thousand leukemia 5-year 10-year 
Years admissions Cases, period period, 
1930-1934 §.52 16 8.3 
1925-1929 YS 31 6.3 
7.3 
Vassachusetts General Hospital 
1930-1934 38.7 79 2.0 
1925-1929 36.5 43 1.2 
1 6 
1920-1924 32.8 58 1.5 
1915-1919 24.0 15 0.6 
1.05 
University of Pennsylvania Hospital. 
1930-1934 186 34 0.64 
1925-1929 19.1 25 0.57 
0.60 
1920) 1924 10.1 21 0.52 
1915-1919 20.9 13 0 62 
0.57 


Material. The records of 478 cases of leukemia at The Children’s 
Boston), Massachusetts General, New York, and the University of Pennsyl- 
vania Hospitals have been studied. The great majority of these patients 
were admitted between the vears 1925-1936, the remainder between 1917- 
1925. In the group of 478, there were 180 cases of chronic myelogenous 
leukemia and 128 of chronic lymphogenous leukemia. In 87 patients with 
chronie myelogenous leukemia and 49 patients with chronic lymphogenous 
eukemia the duration of life after the onset of symptoms apparently due to 
eukemia is known. These 136 cases form the material for the second part 
f this communication. 

Only cases of chronic leukemia are included in this study. Regardless 
the age at onset, no cases with a total duration from the onset of symptoms 
to death of less than 6 months have been included, and no records of indi- 
iduals less than 15 years of age at the time of onset have been included. 
ractically all these patients were treated by irradiation, arsenic, trans- 

sion, or a combination of these agents. 


Age Incidence. The age incidence of the 180 individuals with 
ronic myelogenous leukemia and of the smaller group of 87 in 
om the total duration of the disease is known was similar to that 
ported by Ward," 1917 (247 cases), Minot, Buckman and Isaacs,'° 
124 (166 cases), Hoffman and Craver,‘ 1931 (80 cases), and Rosen- 
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thal and Harris,"! 1935 (104 cases), the greatest number occurring 
between the ages of 35 and 45. 

The age incidence of the 12S patients with chronic lympho- 
genous leukemia, and the smaller group of 49 considered in more 
detail, was similar to that reported by Ward, 1917 (S4 cases), 
Minot and Isaacs,’ 1924 (92 cases), and Rosenthal and Harris," 
1935 (104 cases), the greatest number occurring between the ages of 
15 and 55. 

Sex Incidence. Of the 180 cases of Chronic myelogenous leukemia, 
LOS (6067) were males and 72 (4067) were females. Of the S7 
patients in whom the total duration of the disease is known, 46 
(5367) were males and 41 (47¢7) were females. Minot, Buckman 
and Isaacs,'® 1924, found that in 605 cases, including their own and 
those reported by Cabot, Vogel, Ward, Giffen and Lazarus, 600; 
were males and were females. In Hoffman's and Craver’s 
series of S2 cases,t 1931, were males and 3267 were females. 

Of the 12S individuals in this series having chronic Ilymphogenous 
leukemia, 72°; were males and 28°; were females. Of the 49 in 
whom the total duration of the disease is known, 36 (72°7) were 
males and 13 (28°7) were females. Ward, 1917, reported that 
79° of S4 cases of chronic lymphogenous leukemia were males and 
Minot and Isaaes,® 1924, reported that 7467 of 92 cases were males. 

Duration of Life. Minot, Buckman, and Isaaes'® (1924) found 
the average duration of life after onset of symptoms to be 3.5 vears 
in 7S patients with chronic myelogenous leukemia treated by irradia- 
tion, 3.04 vears in 52 patients not treated by irradiation. About 
10°, died in the first vear, 42°; lived from 2 to 4 vears, and 12° 
survived more than 5 vears. Hoffman and Cravert (1931) found 
the average duration of life after onset of symptoms to be 3.36 
vears in 71 patients with chronic myelogenous leukemia treated by 
irradiation, Arendt and Gloor! (1932) reported that the average 
duration of life after onset of symptoms was slightly over 4 vears 
in their 39 patients with chronic myelogenous leukemia treated by 
Roentgen ray and arsenic. Rosenthal and Harris! (1935) reported 
that of 157 patients with chronic myelogenous leukemia, 35°; died 
between the fourth and twelfth month, 45° lived from 2 to 4 vears, 
a few survived from 5 to 11 vears. In 104 cases of chronic lympho- 
genous leukemia they found the duration of life to be essentially 
the same. Minot and Isaacs’ (1924) found the average duratior 
of life after onset of symptoms in SO patients with chronic lympho- 
genous leukemia over 30 vears of age to be 3.45 vears, the averag 
being the same in irradiated and non-irradiated patients. About 
60% lived from 1 to 4 vears, 14° from 6 to S years. 

Chart 1 represents the percentage of the present series survivint 
at each vear after onset. The average duration of life after onset « 
symptoms was 3.2 vears for the group with chronic myelogenou 
leukemia and 3.6 years for the group with chronic lymphogenot 
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leukemia. ‘The individual variations were from 6 months to 16 
Vvears in each type. 

Although this series of S7 cases of chronic myelogenous leukemia 
and 49 cases of chronic Iymphogenous leukemia is a small one, be- 
cause the age distribution, sex distribution, and duration of life 
are the same as those reported in much larger series, this group is 
thought to be a typical One, 
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Relation of Age at Onset to Duration of Life. Minot, Buckman 
and Isaacs!’ (1924) and Hoffman and Cravert (1951) thought that 
the age at which chronic myelogenous leukemia appeared did not 
greatly influence its duration. Minot and Isaacs® (1024) stated 
that chronic lymphogenous leukemia lasted a shorter time in younger 
persons than in older persons, but their series included only 7 indi- 

iduals less than 30 vears of age. 

Table 3 gives information concerning the duration of life after the 
mset of symptoms in the two ty pe of cases in this series. The age 
sroups that vary from the average of the entire group with chronic 
ivelogenous leukemia are the young and old, but there are probably 
oo few cases for the results to be significant. Individuals de- 
eloping symptoms from lymphogenous leukemia between the ages 

10 and 60 averaged a longer course than the others. 

Relation of Anemia to the Duration of Life. Marked anemia or 

creasing anemia is accepted generally as an unfavorable sign, 

rkner,? Whitby and Britton,’® Kracke and Garver,’ Pepper and 
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Farley."* Well recognized but little emphasized is the difference of 
the significance of anemia in the two types of leukemia under con- 
sideration. Minot and Isaacs® (1924) state that in cases of chronic 
lymphogenous leukemia with hemoglobin of 50°, or below, it is 
rare to see much symptomatic improvement as the result of therapy 
in contrast to the distinct benefit often seen in cases of chronic 
myelogenous leukemia having marked reduction in hemoglobin. 
Forkner® states that severe anemia is more serious in patients with 
chronic lymphogenous Jeukemia than in those with chronic myelo- 
genous leukemia. 


TABLE 3.—CHRONIC MYELOGENOUS AND CHRONIC LYMPHOGENOUS LEUKEMIA, AGE 
OF ONSET OF SYMPTOMS, AND AVERAGE DURATION OF LIFE 
AFTER ONSET OF SYMPTOMS 


Chronic Chronic 
myelogenous leukemia lymphogenous leukemia 
Average Ay 5 
duration of No t Age | iti { No. of 
life (yrs cases decade f rs cases 
1.0 2 10-19 1.0 2 
1.5 9 20-29 3 
14 25 
3.0 
#33 *21 
3.0 23 10-49 
3.0 20 50-59 t.5 19 
3.3 6 ll 
O07 2 70-79 4.0 l 
3.2 S7 Potals 3.6 19 


* Excluding the 4 cases living more than 10 years, all of which occurred in this 
decade. 


In this series, cases of both types of leukemia have been divided 
into three groups, those surviving less than 1 year, those surviving 
| to 3 years, and those surviving more than 3 years. They also 
have been divided into three groups according to the degree of 
anemia: those with marked anemia (hemoglobin less than 50°7), 
those with moderate anemia (hemoglobin 50 to 70°), and those 
with little or no anemia (hemoglobin over 70%). Hemoglobin values 
are those before treatment was given. They are recorded in per 
cent because factors for conversion into grams were not available 
in every instance and, even with slightly different standards, per- 
centage values were considered satisfactory for the divisions em- 
ployed. The duration of life is that after the hemoglobin determina- 
tion and not after the onset of symptoms. This way of stating the 
duration of life was selected because this study is concerned mainly 
with the duration of life after the patient first consults a physician, 
and because only in exceptional instances could one learn the 
hemoglobin value at the time symptoms developed. The result 
are presented in Table 4. 

In this series, the groups with marked anemia had a much shorte: 
course than the other groups, and this was especially evident ir 
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‘ those with lymphogenous leukemia. No patient with either type 
of leukemia and a hemoglobin of 30¢°7% or less (12 cases) survived 
for as long as a year. That a marked anemia does not invariably 
indicate an unusually short course is shown by the fact that of the 
35 patients with chronic myelogenous leukemia who had hemo- 
globin values of between 30 and 50¢7, 12 survived for more than 1 
year, 5 for more than 3 years. One patient with chronic lympho- 
genous leukemia who had a hemoglobin reading of 45°; lived for 
16 vears after coming under observation. 


TABLE 4.—CHRONIC MYELOGENOUS AND CuroNIC LYMPHOGENOUS LEUKEMIA, 
HEMOGLOBIN AND PERIOD OF SURVIVAL 


Chronic M ye OGenous Leukemia. 


Initial No. of case No. of cases No. of cases 
hemoglobin iving less iving 1-3 living more 
(% than 1 vear ears than 3 years. rotals. 
20-49 23 9 3 35 
50-069 lt) lt 35 
70-100 2 5 7 i4 
Totals 30 lt ST 


Chronic I ym phogenous Leukemia, 


20-49 12 0 l 13 
50-69 l 15 
70-100 7 21 

Potals 28 13 S 49 


Relation of Leukocyte Count to Duration of Life. The total leuko- 
cyte count is considered one of the less reliable prognostic signs. 
Its tendency in some patients to rise abruptly and in others to drop 
steadily just before death is well known. That in some instances it 
varies greatly and in others only slightly, with and without treat- 
ment, and frequently fails to parallel the clinical course of the patient 
isalso wellknown. These are probably some of the factors responsi- 
ble for the different opinions that have been expressed regarding its 
interpretation. 

Kracke and Garver’ (1937) quote Naegeli as saying that patients 
with chronic myelogenous leukemia and high leukocyte counts suc- 
cumb earlier than those with low leukocyte counts. With reference 
to lvmphogenous leukemia, they state that the higher the leukocyte 
count the more unfavorable the prognosis. Rosenthal and Harris" 

1935) found that the majority of their patients with chronic myelo- 

genous leukemia with leukocyte counts of 15,000 per c.mm. or less 
lied within | year. Hunter® (1937) states that patients with chronic 
nyelogenous leukemia and low leukocyte counts have a more rapid 
ourse than those with higher counts. 

Cases of both types of leukemia in the present series are tabulated 
cording to periods of survival and total leukocyte counts as shown 

Table 5. The leukocyte count in each instance is the initial 
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count before treatment, the period of survival is that after the 
leukocyte count, not after the onset of symptoms. 


TaBLe 5.—CHRONIC MYELOGENOUS AND Curonic LyMPHOGENOUS LEUKEMIA 
LEUKOCYTE COUNT AND OF SURVIVAL 


Chronic yelogenou Leukemia 


Initial 

count than | veur ‘ than 3 yeu otal 
3,000-39, 000 l lt 
10,000 300,000 1S 19 13 17 
301, ,000-750,000 11 ll 2 24 
Totals 41 30 16 ST 

Chronic Lymphogenous Leukemia 

3, 000-39, 000 11 5 21 
£0 ,000-300,000 13 5 21 
301 ,000-750,000 0 7 


In this series, the group of patients having myelogenous leukemia 
and a leukocyte count of less than 40,000 per c.mm. had a much 
shorter course than the other groups. A relatively low leukocyte 
count Was a more reliable sign of an early fatal outcome than a high 
leukocyte count was of a more favorable outlook. Of the 16 pa- 
tients with myelogenous leukemia having leukocyte counts of less 
than 40,000 per e.mm., 13 had hemoglobin values of less than 50°; : 
not one of these 13 individuals survived for as long as | vear. The 
group with chronic lymphogenous leukemia having lower counts 
fared slightly better than the groups with the higher counts. 

In view of the decrease in leukocyte count that usually accom- 
panies improvement during therapy, it was somewhat surprising 
to find that in this series the untreated patients with myelogenous 
leukemia having lower leukocyte counts apparently lived a shorter 
time than those with higher counts. Other explanations for the 
difference in the expectancy of life after diagnosis were considered. 
One possibility is that the small group of patients with the lower 
leukocyte counts might have had symptoms for a longer time before 
consulting a physician than those with higher counts. 

The average duration of symptoms before and after diagnosis in 
the patients with myelogenous leukemia having counts less than 
10,000 per c.mm. and in those with higher counts is shown in Table 6. 


That average values are misleading in this instance is shown by the 


fact that of the group of 16 with leukocyte counts of less than 40,000 
per ¢.mm. only | individual lived even half as long after diagnosis 
as the average duration of life after diagnosis for the whole group 
If the rare cases living more than 10 vears are excluded from each 
group as shown in the second half of the table, the average duration 
of life after coming under observation is 0.7 vears for the 15 case: 
with leukocyte counts of less than 40,000 per c.mm. and 1.4 years for 
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the 67 cases with higher leukocyte counts. The average duration of 
life after the onset of svmptoms in the group with lower leukocyte 
counts is only 0.4 vears less than the group with higher counts as the 
former apparently came under observation 0.3 years later in the 
course of the disease. 


6. Curonic LeukocyTe AND DURATION 
or Disease Berore ArTER DiaGNosts 
1 ( 
Average Ave 
\ve lurats ol 
durat ! miptom fe alter 
Less than 40.000 lf 
More than 40.000 1.45 71 
( / / Th Yea 
Less than 40,000 2.U 13 O7 15 
More than 40,000 2 4 10 1 4 67 


Relation of Bleeding Manifestations to the Duration of Life. Bleed- 
ing is one of the commonest manifestations of leukemia. That it 
occurs most frequently in advanced and acute cases and is a sign of 
an earls termination of the disease is accepted generally. 

Minot and Buckman? (1924), in studying the course of the platelet 
count In 75 patients with chronic myelogenous leukemia and 50 
patients with chronic lvinphogenous leukemia, observed petechiwe 
in 506) of those with myelogenous leukemia. The petechizw were 
always associated with thrombocytopenia, usually appeared towards 
the end of the disease, occasionally a few vears before death. Evi- 
dence of bleeding other than petechie occurred in 25% of the 
patients. In chronic I mphogenous leukemia, bleeding in the form 
of ecchy moses and petechiae Was more common than in chronic 
myelogenous leukemia. Usually the bleeding was present only 
shortly before death. In 10¢7, however, it was found for as long as 
| vear before death and sometimes for 2 vears. 

At the time of the first admission, a history of purpura, bleeding 
yums, epistaxis, hematemesis, melena, occurring alone or in com- 
bination was obtained in IS (20¢,) of S7 patients with chronic 
myelogenous leukemia and in S (1667) of 49 patients with chronic 
Ivmphogenous leukemia. Of these 1S patients with myelogenous 
eukemia, 12 (6607) succumbed within | vear after the appearance 

f bleeding, while with the 69 individuals with myelogenous leukemia 
iving no history of bleeding 29 (4367) died during the first vear. 
ome of the patients included in the group of 69 developed bleeding 
efore death, but in the study only the findings at the first visit 
ere considered. Of the 6 patients with myelogenous leukemia 

ving a history of bleeding who survived for more than 1 year, 3 

id hemoglobin values of less than 5067, all had leukocyte counts 

tween 60,000 and 770,000 per c.mm., while of the 12 dying during 
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the first year, 9 had hemoglobin values of less than 50%, 9 had 
leukocyte counts of less than 40,000 per c.mm. Six individuals not 
included in the group of 1S patients with myelogenous leukemia and 
bleeding gave histories of excessive vaginal bleeding; all 6 survived 
more than 1 year, 3 for more than 3 vears. 

Of 8 subjects with lymphogenous leukemia giving a history of 
bleeding, 4 died during the first vear, 4 lived from 1 to 2 years, none 
survived longer than 2 vears. The number of cases is too small for 
the result to be significant. 

The group of patients with chronic myelogenous leukemia with 
evidence of bleeding lived a shorter time after coming under ob- 
servation than the group without bleeding. That some patients 
with myelogenous leukemia with bleeding manifestations may do 
well under treatment is shown by the survival of 4 individuals for 
more than 3 years. This improvement is less likely to occur if there 
is marked anemia, and rarely occurs if the leukocyte count is low. 

Relation of Specific Skin Lesions to Prognosis. Specific lesions of 
the skin were proved by biopsy or autopsy in 9 of the 128 cases of 
chronic lymphogenous leukemia, in | of the ISO cases of chronic 
myelogenous leukemia. The average duration of life after the onset 
of symptoms in the 9 cases of lymphogenous leukemia with specific 
skin lesions was 3.5 vears as compared with 3.45 years for the whole 
group of 49. The average duration of life after diagnosis was 1.0 
year in the 9 cases with skin lesions and 1.6 years in the 40 cases 
without skin lesions. Only | case with skin lesions had a hemo- 
globin of less than 50°7, all 9 had leukocyte counts between 55,000 
and 600,000 per e.mm., 8 being over 90,000 per ¢.mm. 

The duration of life in the individual with myelogenous leukemia 
and specific skin lesions is not known. Goldhamer and Barney* 
(1936), reviewing 16 previously reported cases of myelogenous 
leukemia with skin manifestations and | of their own, found the 
duration of life after the appearance of skin lesions to vary from 11 
days to 4 months, the average being 64 days. 

Comment. In determining the incidence of leukemia, the acute 
leukemias and the different cell types were not grouped separately 
because in each period studied the total number of cases was so 
small that further subdivision seemed inadvisable. 

A consideration of the relationship of the immature types of cells 
to the duration of life has not been included because different persons 
made the counts and used different classifications. Therefore, any 
conclusion that one might reach would not be justified. Basal 
metabolic rates, platelet counts, and values of the various clotting 
factors were not included because of insufficient data. 

No conclusions could be drawn as to the benefit derived from 
transfusions in this series. In most instances, they were given to 
patients apparently in the advanced stages of the disease, having a 
poor immediate prognosis. 
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Discussion of the factors responsible for the anemia, bleeding, 
and variations in the leukocyte count is beyond the scope of this 
paper. 

The prognostic factors considered are those that were present 
when the patient was first seen, and should enable one to give a more 
reliable estimation of the duration of life in certain types of cases. 
The subsequent course of the patient while under treatment is, of 
course, Valuable in this estimation. The results also demonstrate 
that those individuals in whom the duration of the disease will be 
short are recognized more easily than those who will have the average 
duration of life or better, but that in exceptional instances a com- 
bination of unfavorable signs may be misleading. 

In general, the results of the study confirm the prevailing clinical 
impression. 

Summary and Conclusions. |. ‘The incidence of leukemia as de- 
termined from clinical records was 7.3 cases per 1000 admissions at 
the Children’s Hospital, Boston, for the years 1925-1934. At the 
Massachusetts General Hospital there were 1.05 cases of leukemia 
per 1000 admissions for the period from 1915-1924, 1.6 cases per 
1000 admissions from 1925-1934. At the University of Pennsyl- 
vania Hospital there were 0.57 cases of leukemia per 1000 admissions 
from 1915-1924, 0.60 cases per 1000 from 1925-1954. 

2. The incidence of leukemia at autopsy at the Boston City 
Hospital, Massachusetts General Hospital, and the New York 
Hospital, was 0.8°, 2.0°, and 1.1% respectively for the period 
1925-1934. This is an increase of from 60 to 100° over the 1905- 
1915 period in each institution. 

3. Because of reasons discussed, it cannot be concluded that the 
apparent increase in incidence is significant. 

4. The average duration of life after onset of symptoms was 
3.2 years in 87 patients with chronic myelogenous leukemia and 3.6 
years in 49 patients with chronic lymphogenous leukemia. About 
80°% survived for | vear, 40° for 3 years, 20% for 5 years, and 4% 
for 10 years or more. Autopsies were performed on only 60% of this 
series. 

5. In this series of 87 patients which chronic myelogenous 
leukemia, the duration of life was shorter in the individuals having 
marked anemia, relatively low leukocyte counts, or evidence of 
bleeding before treatment was given than in those without these 
features. If more than one of these findings were present, the 
probability of an early fatal outcome was greater than if only one 
was present. 

6. The patients with chronic lymphogenous leukemia having 
marked anemia had a shorter course than those with little or no 
anemia. The duration of life was slightly longer in individuals 
having relatively low leukocyte counts than in those with higher 
counts. 
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7. The duration of life after the onset of symptoms in 9 patients 
with chronic lymphogenous leukemia possessing specific skin 
lesions did not differ from those without specific skin lesions. 
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DIATHERMY treatment over the kidneys has been shown!" to 
produce no significant change in renal function as measured by 
urea clearance or in arterial blood pressure. Heating of internal 
organs by means of electromagnetic induction (“inductotherm’’) is 
believed to produce much higher temperatures in them.’ 4% By this 
method greater heat is generated in the more conductive, that ts, 
the more vascular tissues, and less in such tissues as skin, fat and 
bone. 

Application of heat to an organ is generally thought to increase 
the flow of blood through it. It was, therefore, reasonable to believe 
that inductotherm treatment of the kidneys might increase the blood 
flow to them and that this might be demonstrated by means of urea 
and creatinine clearances.* Although it has been shown that 
these two clearances generally parallel one another,!?7"% it was 
possible that treatment might affect the two tests in a different 
manner indicating change in the normal relationship of glomerular 
and tubular activity. For this reason both tests were made. 
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Methods. Urea clearances were ascertained by the method of Moller, 
MelIntosh and VanSlyke!® and creatinine clearance by a modification of 
the method of Hanzal and Hayman.® Following a control period during 
which clearances were determined, a large disk electrode of the inducto- 
therm was applied over the region of the kidneys with the patient lying 
on his side. The intensity of the inductotherm was set at maximum and 
the treatment lasted 1 hour. 

No attempt was made in most of the experiments to retain heat in the 
patient’s body. Two patients (Cases 1 and 5) were wrapped in blankets 
and covered with a rubber sheet during application of the inductotherm 
to determine the effect of heat retention by the body on the kidneys. 

Ten patients were studied, 2 with acute nephritis, 2 with chronic nephri- 
tis, 5 with essential hypertension, and 1 with acute rheumatic fever. 


Results. When no precaution was taken to prevent dissipation 
of heat from the rest of the body the rectal temperature rose from 
1 to 13°, except in 1 (Case 3) where fever was already present. 
When this loss of heat was prevented by blankets the temperature 
rose to levels of 103° (oral). 

During the period of heat treatment or in the periods following 
it, a moderate decrease in urea clearance occurred in 11 of 16 experi- 
ments (Table 1). The most marked decreases were observed when 
loss of body heat was prevented by means of blankets (Cases 1 and 
5). When the renal efficiency was low, as in the 2 patients (Cases 
3 and 4) suffering from chronic nephritis, no change in urea clear- 
ance was found. This is in agreement with many observations which 
indicate that the flexibility of response is lost when renal function 
is seriously impaired by chronic nephritis. 

Creatinine clearances usually paralleled the urea clearances. 
Blood urea was unchanged as the result of heat treatment and urine 
volume varied irregularly. One patient (Case 3) who had marked 
edema showed no diuretic response after heat was applied. 

It was hoped that heating the kidneys might cause relaxation 
of hypertonic arterioles, if such existed, in the kidneys of patients 
with early essential hypertension. If better perfusion of the kidneys 
with blood occurred, it was possible that arterial blood pressure 
might fall. Our results show, however, that neither was increased 
perfusion evident from the clearances nor was there more than 
slight fall in diastolic blood pressure. 

The results of the clearances suggest that, even though heat 
is induced within the kidneys, dissipation to other parts of the body 
by the blood causes sufficient somatic vascular dilatation to decrease 
rather than increase the flow of blood to the kidneys. 

Summary. Application of heat produced by electromagnetic 
induction (“inductotherm”’) to the region of the kidneys was 
attempted in patients suffering from acute and chronic nephritis, 
early essential hypertension and acute rheumatic fever. A slight 
decrease in renal efficiency as measured by urea and creatinine 
clearances was observed as a result in this experiment. As these 
clearances are a rough measure of renal blood flow, heat treatment 
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reduces rather than increases the flow of blood to the kidneys, 
possibly by producing vasodilatation in other parts of the body. 
Diastolic blood pressure was moderately reduced while heat 
was being applied but quickly rose to its original level on discon- 
tinuing it. 
We are indebted to Dr. George W. Stark of Syracuse, N. Y., for the suggestion 


that inductotherm heating might affect the efficiency of the kidneys, and to the 
General Electric Company for the loan of the inductothermy apparatus. 
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CHEMOTHERAPY OF TYPES VII AND II PNEUMOCOCCAL 
INFECTIONS WITH SULPHANILAMIDE, 4,4’-DI-(ACETYL- 
AMINO)-DIPHENYLSULPHONE AND 4,4’-DIAMINO- 
BENZENESULPHONANILIDE. 


By Frank B. Cooper, M.S., 
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SiNcE the almost simultaneous publications by Rosenthal" and 
by Cooper, Gross and Mellon,® both of the above groups 2:3:4¢.>-84,6.18.14 
as well as a number of other investigators?:"’"'5"6 have reported 
successful chemotherapeutic experiments with sulphanilamide or 
other sulphur-containing aromatic compounds in infections caused 
by pneumococci. 

While it is recognized that this chemotherapeutic activity is 
fractional in degree when compared with that exhibited by these 
compounds against streptococcal or meningococcal infections, 
nevertheless their therapeutic action is undeniable and has been 
confirmed clinically.'*" Up to the present time these drugs have 
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been found effective in mice, rats and rabbits and against Types 
1, I], and NIV pneumococci. * 

In this paper we are reporting results obtained by the use of two 
relatively new compoundst in experimental infections caused by 
Types VIT and IIL pneumococci. One of these compounds, 4,4’ 
diaminobenzenesulphonanilide, was first used) by Whitby!® and 
later by Bauer and Rosenthal’. The former reported this drug to be 
more effective than sulphanilamide against Type I pneumococcal 
infections of mice, whereas the latter authors found it “inferior to 
sulphanilamide against pneumococci.” Fourneau and coworkers’ 
first investigated the activity of 
sulphone and estimated that 1 mg. produced as much therapeutic 
effect as 10 mg. of sulphanilamide in’ pneumococcal infections. 
This compound was later investigated by Bauer and Rosenthal: 
who also found its antipneumococcal activity superior to that of 
sulphanilamide. 

Method. Groups of 30 to 40 mice or rats were inoculated with suitable 
dilutions of 18-hour broth cultures and treated orally 3 to 5 hours later 
with 5 to 12.5°) suspensions of the various drugs (Figs. | and 2). Since 
different subcultures of stock strains were used for the several dilutions, 
the magnitude of the inocula was more relative than absolute 

In light of previous reports of the therapeutic superiority of the sulphone, 
it was assayed against 2} times the quantity of sulphanilamide in Exp. 1 A; 
against 2 times the quantity in Exp. 1 B and 1 C; and against equal amounts 
in Exp. 1 D. 


Results. Mice. A. (Pig. 1): While 70°; of the 
controls died, the sulphone-treated mice showed a 3067 (3 out of 10) 
mortality rate; and those treated with sulphanilamide, 10°; (1 out 
of 10). 

B. (Fig. 1): With treatment continued for only 4 days, there 
were 7 deaths out of 10 mice treated with the sulphone and 4 deaths 
out of 10 mice treated with sulphanilamide, contrasted with the 906 
death rate in the control group. 

(. (Fig. 1): Of 11 mice treated daily for 9 days with sulphanila- 
mide, 7 died; of 11 mice similarly treated with the sulphone, 5 died; 
and of 10 mice treated with the anilide only 4 died. The control 
group had a 91; fatality. 

D. With the inoculum administered intraperitoneally all con- 
trols died in less than 48 hours. The group treated with sulphanil- 
amide had 4 deaths out of 10; that treated with the sulphone, 7 out 
of 10; and the group treated with the anilide, 8 out of 10. 

Type 111, Mice and Rats. A. (Fig. 2): With a heavy infecting 
dose of over 100 M.L.D., poor therapeutic results were obtained. 


* While this paper was in press L. E. H. Whitby (Lancet, 1, 1210, 1938) reported 
excellent results against Types I, II, III, V, VII, and VIII pneumococeal infections 
in mice with the sulphonamide compound 2-( p-aminobenzenesulphonamido) pyridine. 

+ Supplied through the courtesy of the Monsanto Chemical Company, St. Louis 
Mo. The sulphanilamide was furnished by E. R. Squibb & Sons, New York City. 
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All controls died in less than 3 days. The treated groups showed 
the following fatality rates: the anilide group, 5 out of 10; the sulph- 
anilamide group, 7 out of 10; and the sulphone group, 10 out of 10, 
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hia. 1 Mortauity Curves or Mice Inrecrep Tyre VIL PNeumococcus 
ENRICAST 
Animals infected with diluted IS-hour broth cultures and treated orally each day. 


Treatment was begun 3 hours after infection and was terminated as indicated by the 
vertical broken line 


1. Infection O.5 « of a 10°° dilution in broth, subcutaneously Treatment 
Controls: 10 mice, no treatment. Sulphanilamide: 10 mice, 25 mg. Sulphone 
10 mice, 10 mg B. Infection 0.5 ce. of a 107° dilution in broth, subcutaneously 
Treatment: Controls: 10 mice, no treatment Sulphanilamide: 10 mice, 10 mg 
Sulphone: 10 mice, 5 mg C’. Infection 0.5 ce. of a 10°* dilution in broth, subcu- 
taneously Treatment: Controls: 11) mice, treatment. Sulphanilamide: 11 
mice, 10 mg. Sulphone: 11 mice, 5 mg Anilide: 11 mice, 10 mg D. Infection 
0.5 ee. of a 10~' dilution in broth, intraperitoneally Treatment Controls: 10 mice, 
no treatment Sulphanilamide: 10 mice, 25 mg. Sulphone: 10 mice, 25 mg 


\nilide 10 mice, 25 mg 


* Deaths not due to pneumococcus 
+t Obtained from New York City Dept. of Health, 16th St. and East River. 


B. (Pig. 2): Nine out of 10 control rats were dead in 6 days. 
None of the animals treated with sulphanilamide died. One out 
of 7 rats treated with the anilide, and 2 out of 9 rats treated with the 
sulphone died. 
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Throughtout all experiments a definite increase in survival time 
of the fatalities among the treated animals over that of the controls 
was noted. 

Discussion. Therapy with 4,4’-di-(acetylamino) -diphenylsul- 
phone in infections of mice caused by pneumococci, Types VII 
and III was, in our experiments, not as effective as that with 
sulphanilamide. This is in apparent contradiction to the findings 
of Fourneau, ef a/.? and of Bauer and Rosenthal.2 However, it 
appears probable that strain variations may account for the differ- 
ences in the results obtained. As a matter of fact, Bauer and 
Rosenthal? encountered variation in the effectiveness of their drugs 
upon different types of pheumococc! which the, also attributed to 
strain differences. 


Contro/ 
a S.A. 
8 A / 
se se 
SA. 


Fic. 2.—Morrarity Curves or Mice anno Rats INrectep Type III 
PNeumMococcus (ALBANY 
Animals infected with diluted 18-hour broth cultures and treated orally each day 
Treatment was begun 4} hours after infection and was terminated as indicated by 
the vertical broken line 


A. Infection: 0.5 cc. of a 10~¢ dilution in broth, subcutaneously (more than 100 
fatal doses). Treatment: Controls: 10 mice, no treatment. Sulphanilamide: 10 
mice, 25 mg. Sulphone: 10 mice, 25 mg. B. Infectior 0.13 ec. of a mucin sus- 
pension of an 18-hour broth culture, diluted 107°, intratracheally Treatment Con- 
trols: 10 rats, no treatment. Sulphanilamide: 10 rats, 125 mg. Sulphone: 9 rats, 
125 mg. Anilide: 8 rats, 125 mg. 


In experimental pneumococcal pneumonia of rats, the sulphone 
therapy, while not as good as that of sulphanilamide, was neverthe- 
less of considerable value. A consideration of the relative lack of 
toxicity?’ of this drug, together with the previous favorable reports?:? 
and the above rat experiment would make it appear that this com- 
pound is worthy of clinical trial, were it not for the fact that the 
results in our mouse experiments were distinctly less favorable than 
those reported with other pneumococcal strains.?:?. Our more recent 
and as yet unpublished results of sulphone therapy in Type II 
pneumococcal meningitis of rats were distinctly inferior to those 
obtained with sulphanilamide. 

It has been our observation that intraperitoneal pneumococcal 
infections of mice constitute an extremely severe test of chemo- 
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therapeutic efficacy of a drug, that subcutaneous pneumococcal 
infections of mice give the drugs a better opportunity to manifest 
any possible chemotherapeutic activity,® and that experimental 
pneumococcal pneumonia of rats is probably the best method** §% 
to date by which to measure antipneumococcal chemotherapeutic 
action. 

Our search for cultures of high rat virulence has revealed a number 
of pneumococcal strains which, although lethal to mice in culture 
dilutions of 10°%, are almost completely avirulent for rats. The 
“Enricas” Type VII strain reported above is a good illustration of 
this phenomenon. 

Therapeutic results with 4,4-‘diaminobenzenesulphonanilide were 
at times better than those obtained with sulphanilamide; however, 
its toxicity® would seem to preclude any extensive clinical use. 

Summary. |. 4,4’-di-(acetylamino)-diphenylsulphone has been 
found less effective than sulphanilamide against pneumococcal 
infections in mice caused by a Type VII strain and a ‘Type III strain, 
as well as in pneumococcal pneumonia in rats caused by this Type 
II] strain. 

2. The results reported, although at variance with those of other 
investigators, probably find explanation in differences of strain 
susceptibility to chemotherapy. 

3. 4,4’-diaminobenzenesulphonanilide, although at times more 
effective than sulphanilamide against the particular pneumococcus 
strains tested, appears too toxic to warrant clinical trial. 

4. To the infections caused by Types I, II, II], and XIV pneu- 
mococci which have previously been found susceptible to therapy 
by certain sulphonamide and sulphone compounds may be added 
those caused by the T's pe VI pheumococcus. 

5. These experiments verify previous chemotherapeutic results 
in penumococcal infections, namely, that little or no protection in 
mice may be demonstrated against more than 100 fatal doses, where- 
as good protection has been repeated] reported against 10 fatal 
doses. 
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THE investigation herein reported attempts to determine the 
functional changes that occur in the liver during the course of pneu- 
mococcus lobar pneumonia. The recent literature on liver function 
has dealt in the main either with those disease processes of the liver 
and bile passages which are amenable to surgical treatment, or with 
chronic progressive changes attended by permanent damage. There 
have been some efforts made to determine the functional disturb- 
ances in acute infections; these, however, have in general embodied 
the use of single tests.o7'4'8 The dangers of measuring liver func- 
tion based on the ability of the organ to perform only one of its 
many functions, are well known. It therefore occurred to us that 
more accurate information might be obtained if an attempt was 
made to measure simultaneously more than one of the metabolic 
functions of the organ during the course of an acute infection. 
Accordingly, a series of patients suffering from lobar pneumonia 
were chosen for a study in which several tests were done concur- 
rently in individual patients at varying stages of their illness. It 
was hoped in this way to accumulate sufficient data which, when 
analyzed in the light of the subsequent outcome of these cases, might 
provide us with further knowledge of the behavior of the liver in 
the course of this disease. 


Material and Methods. The determinations from which an analysis 
was made resulted from a study of 80 cases of pneumococcus lobar pneu- 
monia on the wards of the Fourth Medical Division of Bellevue Hospital 
during the season 1933-1934.+ This group of cases offered an excellent 
opportunity for a study of this kind, in that the data on liver function was 
accumulated in the course of a controlled experiment to determine the ther- 
apeutic value of certain pneumococcus antisera.t All the patients were 
under the immediate control of one of us, so that methods of therapy and 


* Presented in part at the Sixteenth Annual Meeting of the American Society of 
Clinical Pathologists at Philadelphia, Pa., June 4, 1937. 

+ On the services of Dr. Charles Nammack, the late Dr. Harlow Brooks, Dr. Anna 
von Sholly and Dr. Harry Solomon, to whom we wish to express our great indebt 


edness. 
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dietary factors were identical in the group. All the observed cases showed 
evidence of definite lung consolidation, and the type of infecting pneumo- 
coccus Was established in every instance. 

At the outset, an attempt was made to choose methods of esti- 
mating liver function that were accurate, clinically convenient and 
that did not involve extensive technical procedures. With this in 
mind, three simple test methods were used; namely, the icterus 
index, the urobilinogen determination of the urine, and the levulose 
tolerance test; the first two being a measure of the pigment excre- 
tion, and the last one of the carbohydrate metabolism of the organ. 

1. Ieterus Index. Bernheim’s! modification of the Meulengracht 
test was used. This appeared to us to be a good one to use, as it is 
generally agreed that the icterus index is as good a guide to biliru- 
binemia as the quantitative van den Bergh, provided that caro- 
tinemia can be excluded. It also has the advantage of being more 
convenient. 

The samples of blood were taken for the most part at approxi- 


mately the same time of day (9 to 11 a.m.). Following coagulation 
of the blood, the sera were promptly separated and read in a colori- 
meter. A glass standard was used and readings were made, using 


a standard source of artificial light. Sera that showed even slight 
hemols sis or turbidits were discarded. These observations were 
made from day to day during the course of the disease. In the anal- 
vsis of the results, graphs were plotted showing the daily variation 
of the icterus index of the serum in each case. Values up to and 
including 7 were regarded as normal, a figure admittedly higher 
than that used by most workers. Values over 7 and up to 17 were 
regarded as indicating latent jaundice, while values over 17 were 
regarded as indicating clinical icterus. In determining the trend 
of the icterus index in the course of the disease (e. g., whether the 
values were stationary, rising or falling) only variations of more 
than 4 units between successive determinations were thought 
worthy of graphic analysis. 

2. Urobilinogen. The method used was that of Wallace and 
Diamond,'® a quantitative test based on the Ehrlich’s aldehyde 
reaction. The dilutions of freshly voided urine ranged as follows: 
undiluted; 1:10; 1:20; 1:40; 1:80; 1:160; 1:320; and 1:640. Read- 
ings were made after 15 minutes so as to allow the full develop- 
ment of the color in the highest dilution. The urine samples were 
obtained from patients at the same time of day as the blood samples 
for icterus index (9 to Ll A.M.). 

This test is thought to be extremely delicate in detecting early 
w slight disturbance in liver function. With impaired function, 
he liver cells fail to a greater or lesser extent in carrying out their 
ask of removing urobilinogen from the blood and it is excreted 
greater than usual amounts in the urine. Normally, the test 
hould be negative with dilutions of urine greater than 1:20. Posi- 
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tive reaction with dilutions of 1:40 or more, were considered patho- 
logic for the purpose of analysis. 

3. Levulose Tolerance. Wimball is inclined to view levulose 
tolerance as a sensitive index of liver damage. In support of this 
latter claim may be cited the work of Folin and Berglund,® Bodan- 
sky,? and Cathcart and Markowitz.’ Their results show that the 
metabolism of this sugar is handled almost entirely by the liver, 
where it is removed from the portal blood and converted into glyco- 
gen. During this process, no marked rise in the blood sugar occurs, 
as is seen when sugars like glucose and galactose are utilized by 
normal subjects. The work of Bodansky? clearly illustrates the 
difference in the metabolism of this sugar between normal animals 
and those in which liver damage is caused by such poisons as chloro- 
form and phosphorus. He found after poisoning, a marked decrease 
in the levulose tolerance, which was comparable to the degree of liver 
damage noted at necropsy. From this, he concluded that this test 
gave reliable information in respect to the functional capacity of 
the liver in dogs. 

In this present study, blood sugar curves were used as indices of 
levulose tolerance rather than determinations of urinary sugar 
excretion, because of the well-known fact that certain decomposi- 
tion products of the sugar are of themselves non-fermentable reduc- 
ing substances. Furthermore, blood sugar determinations obviate 
the introduction of the renal factor of permeability. 

Kimball’s® modification of the levulose tolerance test was used: 
50 gm. of the sugar is administered by mouth, and the fasting, 1- 
hour, and 2-hour blood sugar levels are determined. The chief 
criterion of impaired liver function is an elevation of 380 mg. % or 
more above fasting level in the first hour or of 15 mg. © or more 
above fasting level the second hour. The levels of blood sugar 
which continue elevated in the second hour are important, signifying 
as they do, the continuing inability of the liver to metabolize the 
sugar. A curve that rises in the second hour greater than the level 
of the first hour means serious hepatic insufficiency, provided that 
the first rise is sufficient to prove that absorption is satisfactory. 

Experimental Data. 1. lrobilinogen Test. Vive hundred and 
sixty tests were done on SQ patients, the number of tests varying 
in the individual case from 1 to 15. An analysis of these results 
based on the changes noted in relation to the progress of the disease 
and to the final outcome, was made. 

Of these 80 cases studied, 50 recovered from their disease. From 
Table 1, it is seen that 32 cases (64°7) showed abnormal urobilinogen 
values at some time or other of their disease. A further attempt was 
made to estimate graphically the individual trend of urobilinogen 
excretion in recovered cases which showed abnormal levels. It is 
found that 27 (85%) of these 32 cases shows a falling trend in the 
excretion of the pigment as the disease progressed from day to day. 
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Of the 30 fatal cases, abnormal values were obtained in 22 (73%). 
Furthermore, of this group there were 5 cases (16°) showing an 
excretion ranging from 1:160 to 1:640, a percentage twice as high 
as that seen in the recovered case. 


TABLE 1 LEVELS AND TREND OF UROBILINOGEN EXCRETION IN URINE 


Moderate high Markedly high Cases showing falling 
rim xeretior pigment excretion trend in pigment 
1:40 to 1:80 1:160 to 1:640 excretion 
Recovered cases 28 (56% 1 (S%, 27 (85* 
Fatal cases 17 (57% 5 (16% 7 (326 


An analysis of the trend of the individual curve in this fatal group 
shows that only 7 of 22 cases (5267) show a falling trend in uro- 
bilinogen excretion. This is a striking difference when compared 
with the 85°, of the recovered cases which show such a trend. 

It is reasonable, therefore, to infer that, while single urobilino- 
gen determinations have little pre whostic significance, serial observa- 
tions in the course of the disease show falling values in the recovered 
cases, With rising or persistently high values in the fatal cases. 

2. Icterus Inder. Four hundred and sixty-five observations on 
the icterus index were made in 78 cases, the number of tests varying 
in the individual case from 1 to 14. 

Icterus indices were obtained in 49 of the 50 recovered cases. 
As shown in Table 2, 35 cases (7167) had values in the range of 
latent jaundice, the remaining 10 (2167) exhibiting clinical jaundice. 
There were sufficient serial observations in 40 of the 45 recovered 
cases to permit an analysis of the individual trend during the course 
of the disease. It was found that 34 of the 40 cases (S667) showed 
a falling trend in the icterus index as the disease progressed. 

Observations on the icterus index were made in 29 fatal cases, 22 
of these (76°7) showing abnormal values. Of this fatal group, 16 
cases (55°) showed values within the zone of latent jaundice, the 
remaining 6 (21¢°7) exhibiting clinical jaundice. It was possible 
to analyze the trend in 18 of these 22 cases. Only 6 of these 18 
(33°) (Table 2) showed a falling trend in the icterus index as the 
disease progressed. If a comparison between the fatal and recovered 
cases is made on the basis of a falling icterus index, it is seen that 
33% of the former show this trend as compared to 86° of the latter. 


TABLE 2 DEGREES OF JAUNDICE AND TREND OF IcTERUS INDEX. 


Per cent of cases in 


Zone of latent Zone of clinica which icterus index 
ja e readings jaundice readings tends to fall in the 
7 17. over 17. course of the disease. 
Recovered cases ° 35 71% 10 21%, 34 (86% ) 
Fatal cases 16 (55% 6 (219% 6 (33% 


3. Levulose Tolerance Test. One hundred and sixty-four tests 
were done on 67 patients, the number of tests varying in the indi- 
vidual case from | to 5. In 46 cases, it was further possible to follow, 
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by means of serial determinations, the progressive changes in liver 
function. The analysis here has also been on the bases of recovered 


and fatal cases. The results are summarized in Table 3. 


TABLE 3.-—-NaTURE AND TREND oF LEVULOSE TOLERANCE 


Abnormal Causes showing im 

response proving tolerances 
Recovered cases 3:3 (77% 25 (S1Y, 
Fatal cases 24 (100°; 2 (29°7) 


In all, 43 recovered cases were studied. And in 33 of these (77) 
the tolerance test showed abnormal values at one time or another 
in the course of the disease. 

Moreover, it was possible to obtain serial observations in 31 of 
these 33 abnormal cases. An analysis of the trends shows that in 
25 of these 31 cases (S167) the levulose tolerance tends to return to 
normal limits during the period of observation (3 weeks). It is 
significant to note that none of the recovered cases showed decreasing 
levulose tolerance in the progress of their disease. In other words, 
there was never any tendency for decreasing levulose tolerance in 
the face of clinical improvement. 

There were 24 fatal cases studied, in only 7 of which was it pos- 
sible to follow by serial observations the trend of levulose tolerance. 
The reason for the small number of fatal cases studied serially was 
due to the fact that many of these cases died before this could be 
accomplished, some indeed being moribund on admission. In all 
24 cases (10067), at least one levulose tolerance test was abnormal. 

In the 7 cases where it was possible to obtain serial observations, 
in only 2 (29°) did the levulose tolerance tend to improve, in 
contrast to S1° for the recovered cases. 

Variations in the Functional Tests During the Course of the Disease. 
It seemed of definite interest to determine the variations in the 
different functional tests as the disease progressed. If the daily 
average readings of the urobilinogen excretion in all of the recovered 
and fatal cases are obtained, and the results expressed in the form 
of a graph, certain essential facts are illustrated. Thus, from Fig. | 
there appears to be little difference in the urobilinogen excretion in 
the first week of the disease between the fatal and recovered cases. 
In the second week, there appears to be a somewhat greater diver- 
gence between the values of the two groups. This is particularly 
striking when the results of the third week are studied. It must 
be borne in mind, however, that the number of cases in this latter 
group are small, so that it is possible that the real difference is not as 
marked as the graph indicates. 

Similarly, if a graph for the average daily icterus index is compiled 
(Fig. 2), it is seen that in the recovered cases, there is a regular 
descent in the curve which appears most steep in the first week. 
There appears also to be a plateau developing from the tenth to the 
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Composite da ‘ irrolulinogen exeretion in the urine during 
weeks in recovered and fatal cases 
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Fic. 2.—Composite values for icterus index in first 3 weeks in recovered 


and fatal cases. 


In the third week, the values are, with one exception 
On the other hand, 


when one considers the 


rst 


ital cases, one is first struck by the total irregularity of the contour 


{the graph. This is in some measure due to the smaller number of 


| 

- OKéecovered 
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observations in this group of cases. A closer analysis, however, 
shows that there is a tendency for the higher values to persist in the 
period from the sixth to the ninthday. It seems worth drawing atten- 
tion to this because of the fact that the ultimate course of the disease 
appears to be influenced by the changes that occur in the patient in 
this period. That this observation in the fatal cases might be a 
reliable one is borne out by the fact that in this same period in the 
recovered cases, the average daily readings showed a constant fall. 
In the third week, it seems that most of the values are elevated, in 
contrast to the values observed in the recovered cases. If this be 
true, then daily observation of the icterus index in this disease 
might have definite prognostic importance. 


191 
Recovered 
170 
150 
130 
= Q 
/ \ 
~ 110 
z 
> 
= 
4 
70 
| } 1U 12 j 14 
Day of Disease 
Fig. 3.—Composite curves of levulose tolerance, showing average fasting, l-hour 


and 2-hour blood-sugar levels in first 2 weeks in recovered and fatal cases. 


Similarly, if we analyze the levulose tolerance of these patients 
based on actual numerical values of their blood sugar levels, it 
becomes possible to compile therefrom a composite graph (Fig. 3). 
This illustrates a daily composite curve of the fasting, 1-hour and 
2-hour blood sugar levels in both the fatal and recovered cases, 
during the first 2 weeks. 

From this, it is seen that in the fatal cases, in almost every instance 
there is a well marked rise in the first hour readings above the fasting 
level, to be followed in most instances by either a slight fall, or even 
a continued rise. What is most noteworthy, however, is that the 
second hour level never falls within limits close to that of the fasting 
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level. On the other hand, analysis of the composite daily curves 
of the recovered cases shows levels in the first hour that are invari- 
ably lower than those seen in the fatal cases, with readings in the 
second hour which are not so far removed from the fasting level. 


Fic. 4 Composite fasting blood-sugar levels in re« overe d ind fatal cases in 


If one further compares the daily determination of the fasting 
levels in these two groups of cases (Fig. 4), it becomes at once 
apparent that there is a relatively narrow range of variation of the 
daily fastingélevels in the recovered group for the first 2 weeks of 
the disease. Indeed, the range of fluctuation over this period is not 
greater than the actual technical variations that one might expect 
in performing this test. On the other hand, one observes from the 
figure the wide fluctuations of the fasting levels, throughout this 
same period in the fatal group, the outer limits ranging from 58 
to 122 mg. per 100 cc. of blood. Aside, then, from the actual value 
of the levulose tolerance test, it would appear that a daily measure 
of the fasting blood sugar level might in itself supply us with an 
estimate of the function of the liver in this disease, as well as provid- 
ing us with possible prognostic aid. 

Relation of Liver Function to Infecting Types of Pneumococci. It 
seemed of interest to determine whether the functional tests 
demonstrated different degrees of liver damage in the different 
infecting tvpes. An analysis was therefore made of the number of 
cases of each infecting type showing abnormal functional tests at 
one time or another in their disease. 


raBLeE 4.—ABNORMAL FUNCTIONAL Tests IN RELATION TO INFECTING TYPES OF 
PNEUMOCOCCCI. 


Urobilinogen. Icterus index Levulose tolerance. 
Cype I 12 of 18 cases (67% 13 of 16 cases (S1% 12 of 16 cases (75%) 
lype II 15 of 18 cases (83°; 16 of 18 cases (89%) 16 of 17 cases (94%) 
lype III 4 of 8 cases (50% 5 of 8 cases (63%) 5 of 5 cases (100%) 


‘roup IV 23 of 36 cases (64% 29 of 36 cases (S1G 24 of 29 cases (83%) 


| 

"| 

| 

| 
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From Table 4 it would appear that the Type [IL cases are attended 
by more severe liver damage than other types. This fact is in some 
measure borne out by the mortality rate in the series for this type, 
there being 17 deaths of 25 cases (6S°7), a rate that is considerably 
higher than that observed for the other types. 

Discussion. [or the purposes of clarity, it might be advantageous 
to summarize the information obtained from the individual tests 
as to liver dysfunction during this acute infection. 

Urobilinogen. At the outset, it Is necessary to note that our 
estimate of liver dysfunction by means of this test has been a con- 
servative one. In this communication, the statistical results have 
been based on acceptance only of the values higher than 1:20 as 
abnormal, a dilution admittedly higher than that on which Wallace 
and Diamond base their conclusions when morning specimens are 
used. This normal value corresponds to that used by Rabinowitz. 
Thus, on rey iewlng Table the incidence ot abnormal urobilinogen 
excretion is approximately equivalent in both recovered and fatal 
cases. Single abnormal values by themselves, therefore, would 
have no prognostic significance except, perhaps, in these cases In 
which the urobilinogen values are high. Thus, values ranging from 
1:160 to 1:640 were found twice as frequently in the fatal group. 
However, it seems possible to obtain more prognostic help from the 
use of this test when serial observations are made from time to time 
during the disease. That a falling curve of urobilinogen values in a 
given case Is of good prognostic omen, is evident from the fact that 
85° of the recovered cases show such a trend in contrast to 320; 
of the fatal cases. 

There seems to be scant reference in the literature as to the changes 
in urobilinogen excretion In pneumonia. Wilburand Addis" mention 
that the early appearance of large amounts of urobilin in the urine 
indicates a grave prognosis in pneumonia. Gronberg,’ in a small 
series of otherwise healthy voung men with acute respiratory disease, 
notes an increased urobilinogen excretion during the febrile stage. 
Similarly, Harris’* observation, in respect: pheumococcus lobar 
pneumonia, is in rather close agreement with our results, as he 
observed an abnormal increase in the urobilinogen excretion in 
all cases at some time during the acute febrile stage. These facts, 
in conjunction with our own findings, show clearly that the uro- 
bilinogen excretion is increased in pneumococcus pneumonia, and 
that it varies in direct relation to the severity of the disease. It 
also shows that unusually high abnormal values are more often 
associated with a fatal outcome than with recovery. 

Icterus Index. A relatively larger number (92¢7) of the recovered 
cases show heightened icterus indices, in comparison to the fatal 
cases (76°) (Table 2). On the other hand, during the acute febrile 
stage, 86% of the recovered cases show a falling level, as compared 
to 35% in the fatal group. 
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The observations of other workers on estimation of the bile pig- 
ment in the blood in pneumonia are conflicting. Thus Harris,* by 
means of serum bilirubin determinations, found bile-pigment levels 
to be unchanged in the large majority of his cases. Bernheim,! on 
the other hand, by means of the icterus index, found that all of her 
539 cases of lobar pneumonia showed increased bile pigment in the 
blood. These apparent discrepancies may be attributed in large 
part to the lack of serial observations by these authors, as it was 
not uncommon in our series to find values that fluctuated above or 
below the accepted normal on different days of the disease. Despite 
the different results by these two workers, they nevertheless agree 
that increased bile pigment in the blood seems to offer a poor 
prognosis. This conclusion is open to question. In this connection, 
pertinent is Schiff’s® finding that in S26 cases of pneumonia 21 
patients showed clinical jaundice, only S of whom died. He con- 
cluded from this that jaundice in pneumonia is not of specially 
serious prognostic omen. Similarly, Szarke’s'* observations on 900 
children led him to the same conclusions. In our own series of SO 
cases, we were able to recognize Jaundice in only 2, both of whom 
recovered. There were, however, 14 other cases with icterus indices 
in the zone of clinical jaundice, which for some reason were not 
clinically recognized as icteric by us. In this group of 16 cases, 
there were 6 deaths (87.57), a figure which is not sufficiently higher 
than the usual mortality rate for pneumococcus pneumonia in this 
and previous seasons, to conclude that jaundice in itself is of bad 
prognostic omen. 

Levulose Tolerance. Our results appear to have definite signifi- 
cance, both as to the absolute findings and as to the general indica- 
tion of liver dysfunction that this test shows in common with the 
icterus index and urobilinogen determinations. Thus, if one con- 
siders abnormal values only, it is seen from Table 3 that 77° of the 
recovered cases and 100°; of the fatal cases showed evidence of 
impaired levulose tolerance at some stage of the disease. This find- 
ing is further strengthened by noting the trend of successive toler- 
ance tests In individual patients who recovered or died. Thus, 81% 
of the recovered cases showed a return to normal in the levulose 
tolerance, either in the febrile or convalescent stages of their dis- 
ease. This is in sharp contrast to the findings in the fatal cases, 
in which only 206; showed any tendency to return to normal. 

These findings are of definite interest, as they show clearly the 
behavior of the liver in respect to carbohydrate metabolism in this 
acute infectious disease. A review of the literature dealing with 
this phase of liver function has not rewarded us with information 
with which our results might be compared. Thus, while levulose 
tolerance has been studied in many diseases, such as surgical diseases 
of the hepato-biliary system, toxic hepatitis, cirrhosis, catarrhal jaun- 
dice, malaria and other conditions, we were unable to find any method- 
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ical study of the carbohydrate function of the liver in lobar pneu- 
monia. Williams,'’ in a study of levulose tolerance in malaria, 
however, secured single observations in 3 cases of lobar pneumonia and 
reported them as being normal. Van Creveld'® observed that in the 
course of scarlet fever there is little alteration in carbohydrate 
tolerance until the stage of convalescence is reached, which is in 
direct contrast to our findings in the course of pneumococcic pneu- 
monia. 

While our findings show the value of this functional test, it 
remains to be seen whether frequent or daily observations of the 
fasting blood sugar level in this disease might not in itself provide 
us with equally valuable prognostic information. This is suggested 
by Fig. 4 in which a composite graph of the fasting levels of the fatal 
cases show more marked daily fluctuation than that seen in the 
recovered cases. Whether this is true or not can only be substan- 
tiated by further detailed study. 

These findings as to the carbohydrate metabolism in our group 
of cases would lend support to certain recently reported therapeutic 
attempts” in which good clinical results were described, following 
the use of large doses of dextrose intravenously in lobar pneumonia. 
This is supported by the work of Opie and Alford" in which they 
found that following liver damage with chloroform, rats subsisting 
on a carbohydrate diet survived the intoxication, while similar 
animals on a meat or fat diet died. 

In conclusion, it seems important to emphasize the fact that 
individual single tests of liver function for prognostic purposes have 
little or no real value. Furthermore, our results show that different 
test methods applied to liver function during this disease are not 
susceptible to too close a correlation, as it is possible to obtain a 
normal result with one test and an abnormal value with another 
test on the same day of the disease. It is evident, however, that 
serial tests by different methods do offer observations which when 
taken together give us a fairly close idea as to the severity of the 
disease in the individual case, providing us as well with knowledge 
that has some prognostic significance. 

Summary. |. Multiple methods embodying the study of pig- 
ment and carbohydrate metabolism have been utilized concurrently 
in a study of liver function in SO cases of pneumococcus pneumonia. 

2. The urobilinogen excretion was increased in the majority of 
both the fatal and recovered cases, and markedly high values of 
excretion are twice as frequent in the fatal group. When serial 
observations were made from day to day in the course of this dis- 
ease, the level of pigment excretion in the urine tended to fall in the 
recovered cases, but to remain persistently high or to rise in the 
fatal group. 

3. The icterus index was elevated in both fatal and recovered 
cases in the early stages of pneumococcus pneumonia. There was 
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a constant tendency to falling icterus index values in the cases that 
recovered and a tendency to remain high in the fatal cases. 

1. There is decreased levulose tolerance in a high percentage of 
the recovered cases and in all of the fatal cases early in the disease. 
Serial observations in fatal cases show a progressive decrease in the 
ability to metabolize the sugar; whereas in the cases that recover, 
there is a progressive increase in levulose tolerance. 

It is a further question whether daily determinations of fasting 
blood sugar levels do not provide definite information of similar 
significance as that afforded by levulose tolerance tests. 

5. These observations stress the importance of serial determina- 
tions in any functional test in the course of the study of an acute 
infectious disease like pneumonia. 


The authors desire to express their sincere appreciation to Dr. Herman B. Baruch, 
the founder of the Simon Baruch Foundation, for the interest and the funds supplied 
for this investigation and to Mr. Harold Twining for the technical assistance in 
this study 
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NOTE ON RAPID DESENSITIZATION IN A CASE OF 
HYPERSENSITIVENESS TO INSULIN. 


By A. C. Corcoran, M.D., 


LILLY CLINICAL RESEARCH LABORATORY, INDIANAPOLIS CITY HOSPITAL, 
INDIANAPOLIS, IND. 


(From the Department of Metabolism, the Montreal General Hospital 


THe purpose of this brief communication is to report the treat- 
ment and control of the diabetes in a case of hypersensitiveness to 
insulin by a method which, though not new in principle, has not 
been widely used. 

Case Report. A female, age 56 (Hosp. No. 2381/36), was admitted to 
the Montreal General Hospital on May 1, 1936, with cellulitis of the right 
foot, which followed an injury to a callus. The diabetes was first discovered 
in April, 1927, during treatment of an axillary abscess. At that time, the 


360 CORCORAN! CASE OF HYPERSENSITIVENESS TO INSULIN 


disturbance of the carbohydrate metabolism was relatively mild; after 
incision of the abscess, the hyperglycemia and glycosuria were well con- 
trolled with small amounts of insulin and with the low-carbohydrate-high- 
fat diet then in use, namely 50 gm. carbohydrate, 150 gm. fat, and 50 gm. 
protein. The wound healed satisfactorily. There was then no urticaria 
nor other sign or symptom suggesting hypersensitiveness to insulin. 


TABLE 1 SHOWING MetTHOD OF DESENSITIZATION IN A CASE OF HYPERSENSITIVE 
NESS TO INSULIN 


Insuli 
Time Reactior war Remarks 
Site U nits 
7.30 AM I.D 0 2 Wheal 4 sq. em 
7.50 LD 0 2 Wheal 3 s til 
S.10 L.D 0.4 Wheal 4 sq em. with pseudoy 
S.15 ra i 
8.30 1D 0.8 Wheal 6 sq. em. with pseudopod Break fast 
S.00 s.( ).2 Very slight induratior 
4 
4 20 sf oS tlor 
9.40) s.( 1.6 jura 
10.00 S.( 1 6 ndura 
10.20 3 2 LD. whea 
10.45 
11.20 s.( H 0 
12.00 NOON a0 idura | 
12.30 PM S.C 140) 
L.10 20.0 I 
2.40 40.0 ode Jurat Carbot 
245 4.0 Wheal 4 sq. em. w 
40 0 Slight indurat Ca iru 
4.25 ‘ 
4.30 Lb $0 Whea m 
6.15 LD 4.0 Wheal 3 sq. em. w D r 
6.45 1.\ 0.4 None 
7.00 I.\ 1.0 None 
7.10 1.\ 2.0 Non 
7.25 40 None rea nol 15 Pm 
7.40 None 
7.55 1.\ 12.0 Non sips of ora ) witl r 
S10 16.0 None Sy f ew ar 
8.25 1.\ Nor f e with ar 
8.50 1.\ 0 None f i with 
G00 LD 4.0 Slight wheal with ra 
9.25 LVid nt. Total 160 
10.00 40 Cart ira l " ru 
ntracutaneou 5.4 ibcutane ntraven 


The course of the diabetes was uneventful until another attack of cellulitis 
of the foot, October 6, 1934. Again, in spite of the infection, the diabetes 
was controlled satisfactorily with insulin, but each injection was followed 
by an urticarial reaction at the site of injection. On the 11th day of treat 
ment, the urticaria spread over the whole body, and resistance to insulin, 
namely, difficult control of hyperglycemia and glycosuria was noted for 
the first time. A history was obtained of annually recurrent attacks of hay 
fever for many years, but of freedom from such attacks since 1929. 

Intracutaneous tests were made with | unit dosages (0.1 ee.) of beef, hog, 
sheep, and crystalline insulin. The reactions were all alike, namely, forma- 
tion of a wheal and an area of erythema of approximately 4 cm. square at 
30 minutes after the injection. The insulin was therefore discontinued and 
an attempt made to treat the diabetes by diet alone. It was then found 
that though the blood was persistently hyperglycemic, the wound healed 
completely, but at a very slow rate. She was discharged from the hospital 
on March 14, 1935. On May 1, 1936, she was again admitted with cellulitis 
of the foot and, though there was no acidosis, the diabetes was under poor 
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control and could not be treated satisfactorily with diet alone. The above 
mentioned intracutaneous test was, therefore, repeated with crystalline 
insulin and it was found that the patient was still allergic. 

In view of the surgical condition and the poor control of the diabetes 
with diet alone, an attempt was made to test the value of rapid desensitiza- 
tion with Connaught Laboratories commercial insulin. The amount of 
insulin, the time and site of each injection, the reaction to each injection, 
the treatment in general and results of periodic blood sugar determinations 
are shown in the accompanying table. The total volume of each intra- 
cutaneous Injection was the same, namely, O.1 ce. 

It will be noted that practically complete desensitization was accom- 
plished within 15 hours At the end of 24 hours the reactions to intracuta- 
neous tests were entirely negative. 

Following the above procedure, an attempt was made to control the dia- 
betes with the high-carbohydrate-low-caloric diet, which consisted of 
220 gm. carbohydrate, 40 gm. of fat and 100 gm. of protein. It was then 
found that the diabetes was well controlled with 20 units of insulin daily. 
Two weeks later the dosage was reduced to 10 units. She was disc harged 
from the hospital and 2 months later an intracutaneous test with 3 units 
of insulin resulted in formation of a slight wheal which persisted for about 
1 hour That the desensitization was sufficiently complete, however, Was 
shown by the absence of other reactions and the satisfactory control of the 
diabetes. In November, 1936, when she was readmitted with a gangrenous 
appendix, the blood sugar was only 0.147 in the fasting state; the pre- 
operative and postoperative management were uneventful in spite ol 
greatly increased insulin dosage. The patient has since remained under 
satisfactory control without a return of the hypersensitive state, on a high- 
carbohydrate-low-caloric diet with small doses of insulin. 


Discussion. ‘The antigen-like reaction of insulin‘ and the clini- 
cal features of insulin hyvpersensitiveness' have recently been re- 
viewed. Different methods of treatment of the latter have been 
suggested. Slow desensitization with therapeutic doses is not only 
uncomfortable on account of the local and general reactions, but 
may be harmful. When the hypersensitiveness is also accompanied 
by resistance to the injected insulin, this method is of little value 
because of the necessity of immediate control of the diabetes. 


Rapid desensitization has been reported to a tolerance 3,' 5° and 


units.2. In 2 of these cases the results were not permanent.!% 
The advantages of rapid desensitization with small initial doses 
followed by large doses have been dealt with previously with respect 
to other substances possessing antigen-like reactions.° The case 
reported here is an example of the applicability of this method to 
cases of hypersensitiveness to insulin. 

Che author wishes to express his gratitude to Dr. I. M. Rabinowitch for aid in 

e preparation of this report, to Dr. L. H. McKim, attending surgeon, for permis- 

on to report the case, and to the patient, a registered nurse, for her coéperation. 
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THE criteria that have been set up for the evaluation of human 
semen specimens have for the most part been formulated upon 
standards derived from the study of semen of men with histories 
of disturbed fertility. It is our belief, however, that a semen 
analysis of a series of fertile humans might more logically offer 
a better basis for appraisal. 

Accordingly, the present investigation was undertaken to collect 
information reiative to the semen of fertile men. 


Methods. Fresh specimens were obtained from 200 husbands of preg 
nant women who were in the first half of gestation. All cases herein re 
ported terminated with full-term deliveries of normal healthy children 

Two institutions served as sources for the material The New York 
University College of Medicine, Department of Obstetries and Gynecology ; 
and the New York Hospital, Cornell University Medical College, Depart 
ment of Surgery (Urology), and the Department of Obstetrics. Hereafter 
the former group will be designated as Group I, and the latter as Group I] 

One hundred random cases were selected and followed in each institutiot 
The constituents of each group represented the widely varied Cauecasiar 
racial types that are to be found in metropolitan New York. Group | 
cases were referred from Bellevue Hospital, Department of Hospitals, New 
York City, which draws largely from the indigent section of the populatior 
while Group II cases were patients of a pay clinic. Although the same 
plan and technique were used in each institution, each set of observatior 
was made by independent workers, and no comparisons or analyses wer 
attempted until both series were completed. Practical methods of seme 
analysis were favored above elaborate and complicated ones, and throug! 
out the investigation a clinical viewpoint was constantly maintained. N 
special instruments were used which are not available in any clinical labors 


tory or physician's office. 

Seminal specimens were collected by the patients after an advised peric« ae 
of 72 hours of continence. To 33 cases in Group I, washed and dried co: sa 
doms were supplied, together with written instructions directing that tin 
immediately after intercourse, the semen be emptied into a sterile test 
tube, fitted with a cork stopper. The remainder (167) were instructed 1 ser 
collect their seminal discharge at the time of coitus by withdrawing a1 Im 
ejaculating directly into a large-mouthed sterilized glass test-tube. N\ in 
effort was made to regulate the temperature of the specimen while in trans as 
port. More than half of the specimens were first examined within 3 hour pe 


of the time of ejaculation. 
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The volume of the ejaculate was measured in each case, and 
variations from 0.6 to 9 cc. were obtained. The average volume 
for all cases was 3 cc., whereas the condom group measured only 
an average of 2.5 cc. This in part accounts for a general lowering 
of the average volume of Group I patients, as compared with 
Group IT (Fig. | 
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The human ejaculate is a mixture of spermatozoa and the secre- 
tions from the epididymes, vasa, seminal vesicles, prostate, and the 
accessory glands of the urethra. The fluid content of the semen is 
aid to carry nutritional elements for the spermatozoa. At the 
time of ejaculation, the specimen has a gelatinous consistency, but 
vhen it reaches the laboratory, self-liquefaction is complete and a 
iniform consistency is established. The spermatozoa comprise only 

negligible portion of the bulk of the semen, as has been proven in 
asectomized patients whose semen was repeatedly measured before 
peration” An initial postoperative decrease in volume is com- 

letely compensated for within 3 weeks after operation. 
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For the study of viscosity of fluid, various elaborate instruments 
are available. ‘To conform with the practical applicability of this 
work, simpler methods were tried. Pipettes of various kinds were 
standardized with distilled water, and the rate of delivery was 
compared with that of semen. The factor of surface tension, how- 
ever, is not eliminated in this method. A set of instruments of 
the Ostwald type, having different sized bores, could be adapted 
for use with semen. As one acquires experience in handling many 
specimens, it becomes relatively easy to judge normal viscosity and 


Cases From tHe New York Hospira 


Samples obtained by the withdrawal method 


30 " Number of cases — 70. 
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Kia. 2.—pH of the semen 


to evaluate turbidity without special instruments. Cary’s® simpli 
method of testing the viscosity of cervical mucus was utilized for 


semen. 

Messer and Almquest” have shown that the hydrogen-ion con- 
centration of semen should be ascertained after precautions hav« 
been taken to prevent loss of carbon dioxide, due to exposure to air 
The potentiometric method, using a quinhydrone electrode upo! 
the semen collected under a layer of oil is too complicated for 
practical clinical application. Hydrogen-ion determinations wer 
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made by the Pfaff colorimeter upon 68 specimens, and disclosed a 
range of 7.1 to 8.9. Messer and Almquest in 27 determinations 
found the mean pH to be 7.2, with individual variations over a 
range of 0.7 to 0.8 pH units. Baker! states that all sperm are 
killed at a pH of 5, and that they also exhibit poor motility between 
6 and 6.9. 

As can be seen from the accompanying charts, no correlation can 
be drawn between the hydrogen-ion concentration, as obtained by 


Cases From THE New York Hospitat. 


Number of cases = 68. 
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the colorimetric method, and the type and character of motility. 
lence, when motility is satisfactory, it is unlikely that additional 
uformation is to be gained by a determination of the pH of seminal 
fluids (Figs. 2 and 3). 

It is an accepted fact that living spermatozoa consume oxygen, 
sive off carbon dioxide, and probably utilize sugar in their metab- 
olism. Even approximate quantitative determination of sugar con- 
‘ent of the semen requires time, special skill, and apparatus not 

nerally possessed by the practising physician. The Benedict 
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modification of the FolineWu method for blood analysis was used 
to determine the sugar content of the semen. 

Estimations were done in 64 specimens, using 0.5 cc. of semen 
as a sample for estimating the total reducible substance in the 
specimen. Ranges from 9 to SIO mg. per LOO ce. were obtained, 
the average being 306 mg. per 100 cc. of semen (Fig. 4). 

A comparison between the grade of motility and the sugar content 
shows no clinical correlation. Accordingly, no apparent practical 
advantages are to be derived from this test (Fig. 5). 
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The motility of the specimen should be evaluated on the basis 
of various factors; 7. e., type and aggressiveness of activity, per- 
centage of inactive cells, and duration of motility. If the motility 
is poor, more than one specimen should be examined. 

The method of collection is important in preserving good motilit) 
A so-called semen sample produced by prostatic massage is men 
tioned only to be condemned, for it contains no more than th 
prostatic secretions with sometimes a few sluggish spermatozoa 
Collection and delivery in rubber or skin condoms is the most com 
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mon practice in clinical examinations. Because the former contains 
mica dust, sulphur, and benzine derivatives, and the skin condom 
must be wet before use, a definite damage is often done to the 
specimen by these contaminants. This can be demonstrated when 
the motility of the sperm so collected is compared with that of a 
withdrawal specimen from the same individual. Washed and dried 
condoms were supposed to have overcome this objection, but in 
33 cases where these were used for collection, the motility was 
definitely inferior to the rest of the series. 
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Our experience bears out Belding’s® contention that the optimal 
temperature for the preservation of motility is between S and 20° C, 
In good specimens, it is unusual to find appreciable change in the 

iotility during the first 3 hours after ejaculation. 

\ctive motility is considered to be a progressive, space-gaining 
lovement across the microscopic field. Notations were made, using 
slide and coverslip preparation, with a 4 mm. objective. In the 
iajority of the cases, observations on the grade of motility were 
one within 3 hours. With few exceptions it was possible to make 
terval examinations every 3 hours during the day until the motility 
d stopped. Percentage of motility, as listed in Table A, means 
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the number of actively motile cells in relation to the total number 


of cells seen in each field. 


@ motility Grading “oe motility Grading motility Grading 
0 0 35% 2 70% 5 
5% 1 40% 2 759 $+ 

10% 1— 15% 2 or4 
15% l 50% 2 
20% 1+ or2 55% 
25% 2 60% 2+ or3 95% i 
30% 2 65% 3 

TABLE A. 


At the end of 3 hours the average motility for 202 specimens was 


Grade 3—. 


During the course of these observations, Group | 


specimens were kept at room temperature and Group IT at 20° C 
1-100. 
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There was no motility in 5 of 169 withdrawal specimens. 
these was first seen at the end of 30 hours. 
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cases, 9 showed no initial motility. One specimen of Group I 
exhibited motility 55 hours after ejaculation, and in Group II, one 
showed slight motility at 84 hours. 

Figure 6 shows the relationship of the grade of motility as com- 
pared to the age of the specimen. Prompt examinations of the 
semen are to be desired, but specimens presenting better grades of 
motility may be evaluated 3 to 9 hours after collection. 


For ALL Cases. 


Number of cases = 154. 
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Fig 


i (Age of men in years. 


Figure 7 compares the type of motility with the age of the men, 
No profitable deductions can be drawn. 

The number of spermatozoa found in 1 cc. is commonly used to 
designate the cell count. A determination of the number of sperm 
1 the total ejaculate is obtained by multiplying the count per ce. 
bv the volume of the entire ejaculate. The technique described 
Macomber and Sauhders,'® Vose," and Belding? was followed. 
\lore accurate counts are made within the first 3 hours after ejacu- 
ition, for after that period a certain amount of agglutination of 
the spermatozoa has occurred. Slight clumping of the cells occurs 

ith ageing of the specimen, and errors are introduced which are 

it present in the fresh ejaculate. Each specimen was thoroughly 
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mixed by shaking before a sample was taken, and at least three 
separate counts were made. If numerous cells were present as 
observed through the high dry lens, a 1 to 20 dilution was used. 
If the number of spermatozoa was obviously reduced, a 1 to 10 dilu- 
tion was preferred. All dilutions were made with standardized 
white blood cell pipettes, and a fluid consisting of a saturated 
solution of sodium bicarbonate and ay phenol. A counting 
chamber with the Neubauer ruling was emploved. The area studied 
was the red blood cell field, which occupies a space 1 by 1 sq. mm. 
If the cells found therein were few in number, all those within this 


Number of cases 

— | Grou | Average count per 

a in millions 103.72 137.54 120.63 

* Sumi3) Range in millions per 2.25 1.7 2.25 

Average count per 
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Sase) 49 


area were counted. If, however, many cells were found in the field, 
accurate results were obtained by counting 5 blocks of 16 squares, 
or one-fifth of the red blood cell field. By adding 6 ciphers to the 
latter figure, the number of sperm in 1 cc. was arrived at. It is 
recognized that a 10° variation in the final counts is not incon- 
sistent with good technique. 

Meaker" states in his text: “ Most men who are highly fertile 
have counts over 100,000,000, and in our experience no pregnancy 
has occurred where the sperm count was below 60,000,000. Macom- 
ber and Saunders, in a series of 244 cases of fertile and sterile 
matings, have 4 cases where pregnancies have occurred with counts 
less than 60,000,000. It is assumed that both these investigators 
were quoting counts of sperm content per cc. 
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Belding? believes that the count per ce. may vary according to 
the activity of the prostate and seminal vesicles, and therefore 
considers the total count for the ejaculate to be more consistent and 
reliable. 

Our results are tabulated in both cubic centimeters and. total 
number of spermatozoa per ejaculate (Fig. 8). 

The count per ce. varied from 2,250,000) to 544,000,000: the 


average being 120.630.000. 
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Fig. 9 Potal spermatozoa count In millions 


In the group of cases where condoms were used for collection, 
the counts were consistently lower, reaching the average of 85,340- 
0 per ce. This discrepancy might be partially explained by the 
resence of extraneous materials in the sheaths, which caused 
igglutination of the sperm, and prohibited uniform dilution. 

In the accompanying tabulation, cases which showed a count 
below 60,000,000 per ce. were summarized. 


( ip I ( p Il Total 

per i Cases 

Less than 20,000,000 9 l 10 
Between 20,000,000 and 40,000,000 5 15 20 
Between 40,000,000 and 60,000,000 14 Ss 22 
24 


(hus it is seen that more than one-quarter of the cases studied 
had cell counts under 60 000 per ce. (Fig. Q), 
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For ALL Cases 


4 Number of cases = 200 4 omitted. 
5 
5. 
= 
10 

50 
30 

05 1.0 26 &S 30 35 40 6S 


Fig. 10.—Semen volume in cubic centimeters. 
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The total number of spermatozoa in the ejaculates varied from 
2,820,000 to as high as 2,330,000,000; the average being 346,020,000. 
Compiling the cases with low total counts, the following summary 
may be made. 


Group I G II Potal 

Count (total Cast ases 

Less than 50,.000.000 5 11 
Jetween 50,000,000 and LOO.000.000 11 
Between 100,000,000 and 150.000.000 23 S 31 
41) 22 62 


No relationship exists between the amount of ejaculate and the 
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Hence, it appears that a small volume does not necessarily indicate 
a concentration of the cellular elements, nor a large volume a higher 
dilution. 

Figure 11 illustrates that in general the larger the volume, the 
higher the total cell count. 

Specimens with higher cell content with few exceptions exhibit 
better grades of motility (Fig. 12). 

Let us emphasize here that these relationships between volume 
and cell content, and between volume and motility, are based on a 
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population study and cannot be used as a standard for the indi- 
vidual. 

Williams and Savage," in 1925, investigated the semen of bulls 
with “good” and “bad” breeding records. Detailed measure- 
ments were taken of the head of the sperm, and conclusions were 
drawn that the “morphology of the head of the sperm constitutes 
the greatest single source of information as to the fitness of cells 
for reproduction.” Bulls with poor breeding records were found 
to have an average of 50.16) abnormal cells, while in animals with 
good breeding records, the abnormal sperm count did not exceed 


60 Total number of cases 
Se tange is from 31.360) to OS.2 


Sar’) 


16.6%. Lagerlof? reached similar conclusions after investigating 
the semen of 250 bulls. Woloskow,'® in an investigation on stallions, 
found that a foaling percentage of S9 was obtained where the abnor- 
mal cells were as high as 30°;. MelWenzie and Phillips® estimated 
that the count of abnormal sperm in semen of boars should not 
exceed 10 to 15% for high fertility. McKenzie and Berliner’ have 
recently found that there is a seasonal variation in the percentage 
of abnormal forms in Shropshire rams. Ewes that were inseminated 
with semen during the off-season, when abnormal forms were as 
high as 84.8%, failed to become pregnant. When the percentage 
of abnormal forms dropped below 15%, all ewes inseminated with 
the semen conceived. 
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Moench adapted Williams and Savage's method of classification 
of sperm analysis. In 1931, he reported the results of his analysis 
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Kleegman® reviewed the semen of 25 husbands of marriages where 
conception took place and normal children were born. Only in a 
single case was there an abnormal count as high as 25%. 

On the other hand, Macomber and Saunders’? believe that infor- 
mation obtained from the cell count per ce. is as important as a 
study of the morphology of the sperm. They state that the “enu- 
meration of spermatozoa gives identical information as to the fer- 
tility as does head measurement.” 
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The time-consuming and complicated methods of accurately 
measuring the size of each sperm head did not seem practical or 
adaptable to clinical usage. Hence, the morphologic studies were 
done as follows: 

A thin spread of semen was prepared on a clean glass slide. While 
still wet it was immersed in Schaudinn’s solution to prevent distor- 
tion in drying. The preparation was then stained by eosin and 
hemotoxylin as described in a previous article by one of us.‘ 

Three hundred or more cells were counted according to their 
morphologic type under oil-immersion magnification. The various 
types of cells were listed only as to their incidence or occurrence, 
and no preconceived opinions as to “normal” or “abnormal’’ cells 
were permitted. Six main types were thereafter recognized: 1, 
Oval; 2, Tapering; 3, Round; 4, Duplicate; 5, Giant and Pinhead; 
Amorphous. 
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No word description can better the accompanying drawings to 
illustrate these types (Drawing A and Bar Graph A). 

The various cells are quite distinctive in their shape and appear- 
ance. 

The oval cells are far the most Common cell type. Their average 
in the entire series of 200 cases was S4.06¢,, with a range from 


» 


31.36 to 98.2307 (Fig. 13). 
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Tapering cells were subdivided into 3 classes: Tapering |, Taper- 
ing 2, and Tapering 3. There is no difficulty m differentiating the 
latter twotypes. Tapering |, however, closely resembles the norma! 


oval form. Grouping all tapering cells together, an average ot 
9.45°7 was obtained, with a range from 0 to 58.636 (Fig. 14). 

If the Tapering 1 cells are considered alone, they are found to 
have an incidence of 5.7867, with a wide range of 0 to 34.4¢; 


(Fig. 15). 
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It is apparent that differences of opinion may exist between two 
or more observers, in distinguishing Tapering | cells from the usual 
oval type. (Note the discrepancy between Group [| and Group II 
in Bar Graph A). 

Because of their close resemblance, the Oval and Tapering 1 cells 
were Classified together, and considered one and the same. \ 
much more consistent agreement by the two laboratories was thus 
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Fig. 16.—Per cent of oval and tapering 1° forms. 
eached with an actual difference of only 0.267. Under this plan, 
in average of SOST°? was found, with a range of 65.76 to OS.85% 
ig. 16). 

If the Tapering | form is to be considered an abnormal cell, 3 of 
ur cases would have 50°7 or more and 37 others 25°; or more of 
typical spermatozoa. On the other hand, if this cell is classified 
s normal and grouped with the Oval type, there were 5 cases with 
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Fig. 18.—Per cent of round spermatozoa. 
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25% or more abnormal cells. In 1 case, 32.5¢% abnormal cells were 
found. 

Unusual emphasis has been given herein to the discussion of the 
Tapering | cell because of the confusion regarding its classification. 
Statistically and morphologically, there seems no doubt that this 
rightfully should be considered an Oval spermatozoon. 
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Fic. 19.—Per cent of duplicate spermatozoa. 


If the Taperings 2 and 3 cells were grouped together with the 
narrow type (which may be side views of these), an average of 
3.68 was obtained, with a range of 0 to 24.23% (Fig. 17). 

The above findings are at variance with Moench’s limit of 8.5% 
for fertile specimens. In 11°% of our cases these cell types were 
present beyond that figure. 

Round forms were comparatively rare, having an incidence of 
1.65%, and a range from 0 to 9% (Fig. 18). 

Duplicate cells comprised double nuclei, double heads, or double 
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Fig. 21 Per cent of amorphous spermatozoa. 
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tails. They averaged as a group 1.8407, and had a range from 
to (Fig. 19). 

The Giant and Pinhead groups occurred most rarely, having an 
average of 0.6¢7, with a range of from 0 to 8.267, (Fig. 20). 

The Amorphous group, so-called because their unusual varieties 
in shape defy any appropriate name, had an average of 2.167, with 
a range of to (Fig. 21). 

Summary and Conclusions. |. | etailed analyses of the semen of 
200 fertile men whose wives were in the first half of gestation are 
hereim reported. 

2. The volume of ejaculate averaged 3 cc. when collected by 
withdrawal, and 2.8 cc. by condom. 

3. When motility is satisfactory a determination of the pli of 
semen Is unnecessary. 

t. Estimation of the sugar content of semen has no apparent 
clinical value. 

3; Motility is apt to he Impaired when the condom is used for 
collection. 

6. A method of appraising motility is discussed. 

7. No relationship was demonstrated between the grade of motil- 
ity of the spermatozoa and the age of the men. 

S. Spermatozoa counts averaged 120,530,000 per ce. 

vu. ‘Twenty-five per cent of the cases had spermatozoa counts 
below 60,000,000 per ce. 

10. No constant relationship exists between the amount of ejacu- 
late and the spermatozoa Count per cc. 

11. Larger ejaculates usually have higher total cell contents. 

12. Specimens with high cell counts generally exhibit better 
motility. 

133. Differential morphologic counts were done on each specimen, 

14. Oval cells, including Tapering |, averaged SO.S1°. 

15. If Tapering | is to be considered an abnormal cell, 3 of our 
cases would have DOC? or more, and 37, 25°) or more atypical 
spermatozoa. 

16. Since Tapering | cell so closely resembles the oval form, we 
believe they should be classed together. 

17. Taperings 2 and 3 averaged 3.68°7, but in 22 of the cases 
they were found in excess of 8.56; 

IS. From previous clinical experience and investigative study, it 
is the opinion of the authors that an assay of fecundity includes a 
consideration of volume, grade of motility, number of spermatozoa 
and percentage of abnormal forms. The fertilizing value of semen 
depends on a combination of all four of these basic factors, rather 
than any single one alone. 

The generosity of the National Research Council permitted the equipping of a 


iboratory and the defrayal of expenses for the portion of the investigation carried 


mat the New York Hospital 
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VITAMIN C IN THE SPINAL FLUID. 
By Herman Wortts, M.D., 


ASSISTANT ALIENIST, BELLEVUE HOSPITAL, 


James LIEBMANN, M.D., 
ASSISTANT VISITING PHYSICIAN, FIRST MEDICAI DIVISION BELLEVUE HOSPITAL, 
AND 
S. Bernarp Wortis, M.D.., 
ASSISTANT PROFESSOR OF NEUROLOGY NEW YORK UNIVERSITY MEDICAI COLLEGE 


ASSOCIATE VISITING NEUROLOGIST BELLEVUE HOSPITAI NEW YORK CITY. 


(From the Department of Pathology, Bellevue Hospital, Laboratory of Experimenta 
Neurology; the Psychiatrie Division of Bellevue Hospital; the Neurologica 
Division of Bellevue Hospital; and the First Medical Division of Bellevue 
Hospital 

We have recently suggested that vitamin C may play a role 
in the metabolism of nervous tissue and presented the following 
evidence: 

1. It is present in the cerebrospinal fluid. 

2. The adrenal, brain and pars intermedia of the hypophysis (all 
nervous tissues) contain large amounts of vitamin C. 

3. Clinical alcoholic conditions association with neural or mental! 
changes have subnormal vitamin C levels in the blood and spinal 
fluid, whereas chronic alcoholics without neural or mental changes 
tend to have normal vitamin C levels in the blood and spinal fluid.” 
Whether vitamin C is a major factor in these changes is not as vet 
clear and hardly seems likely. The findings do, however, suggest 
that there is a large nutritional factor in the production of nervous 
and mental changes in alcoholics. 

+. Vitamin C has definite protective and therapeutic value in 


experimental poliomyelitis (Jungeblut’). 
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5. Pathologically (Davison'), the peripheral nerves of animals 
placed on a vitamin C—free diet showed slight disintegration of 
myelin and on rare occasions, destruction of the axis cylinder. In 
addition, the various nerve cells, especially the anterior horn cells, 
showed vacuolization, liquefaction necrosis, swelling and pyknosis. 
He, however, noted similar changes in guinea pigs that were totally 
starved and was therefore unwilling to attribute the changes 
noted to avitaminosis ©. 

6. Guinea pigs deprived of vitamin C became nervous and appre- 
hensive (Mevers and MeCormick®). They responded violently to 
the slightest noise, running wildly about the cage until they fell 
exhausted. We have been able to confirm these results in every 
detail. 

It would therefore seem a matter of paramount importance not 
only to study the metabolism of this vitamin in the brain, but to 
establish some standards for normality regarding the presence of this 
Vitamin in the spinal fluid. 

Methods and Materials. |eterminations of vitamin C in both the 
blood and spinal fluid were carried out on 257 patients. Half of the pa- 
tients were from the psychiatric wards (including 130 aleoholies previously 
reported and the others were from the medical and neurologic wards. No 
attempt was made to group these cases diagnostically-- they were all, 
however, afebrile. Because of the large number of alcoholics and because 
the patients at this hospital are in general drawn from the lowest income 
groups, subsisting usually on diets low in all vitamins, there is a very high 
incidence of subnormal nutritional states in our material. 

The specimens of spinal fluid and oxalated blood from each patient were 
taken immediately to the laboratory and titrated by the method of Farmer 
and Abt.? 

We have regarded 0.70 mg. ‘; as the lower limits of normal vitamin C 
in the blood plasma. This is the figure given for this method by Farmer 
and Abt,? Wright,'® and Greenberg, Rhinehart and Phatak.’ Determina- 
tions made by us on 14 healthy medical students and internes ranged from 
0.74 to 1.38 mg. © 

Plaut and Bulow have set as normal standards for spinal fluid 
the following figures for the 20- to 35-vear-age group, 1.77 mg. ©; 
Ol- to S5-vear-age group, 
0.51 mg. ©. They do not state, however, what their criteria of 
normality are. 

In a previous paper we’ attempted to establish normal limits 
for the vitamin © content in the spinal fluid. We regarded as 
normal in spinal fluid those patients who had both normal bloods 
and a normal response to the 5-hour urinary excretion test of 
Wright.’* Of 133 patients studied, 26 fulfilled these criteria. Their 
spinal fluids ranged from 1.82 to 4.18 mg. © of vitamin C. In the 
present paper, we have considered 1.82 mg. © as the lower limit of 
normal cevitamic acid content of the spinal fluid. 


j6- to 59-vear-age group, 1.97 mg. ‘ 


* Wright's test consists in determining the total 5-hour urinary excretion of 
vitamin C following an intravenous test dose of 1 gm. of crystalline cevitamic acid. 
\ 5-hour excretion of 400 mg. or more of cevitamic acid is considered normal. 


WORTIS, LIEBMANN, WORTIS: 


After we had submitted this paper for publication a new photo- 
electric method of titrating vitamin C was published.* The authors 
of this paper claim that the method of Farmer and Abt, used by us 
in titrating spinal fluid, vields figures for vitamin C that are too 
high. However, ina previous study,’ we have shown that a close 
parallelism exists between our blood and spinal fluid figures. There- 
fore, although our absolute numerical figures for vitamin © in the 
spinal fluid mas be incorrect, we feel that their relationship to our 
blood vitamin © values is correct, and that consequently our cCon- 
clusions are valid. 

Plaut and Biilow reported losses of as high as 90°) of the 
reducing power of the ascorbic acid in the spinal fluid on standing 
1} hours at room temperature, but state that it retains three- 
fourths of its reducing power if acidified with 0.1 ec. of trichloracetic 
acid to each cubic centimeter of spinal fluid. In our own determina- 
tions, we found a consistent average loss of reducing power against 
sodium 2:6 dichlor-phenol-indophenol of only LO; in 1 hour with- 
out acidification and only a negligible loss if the spinal fluid were 
acidified immediately. 

Results. In analyzing our material we have divided our patients 
on the basis of blood vitamin © levels into 3 groups: 1, Normal, 
with blood levels of 0.7 mg. ©; or more; 2, Intermediate subnormal, 
with a blood vitamin © level of 0.4 to 0.69 mg. ©; and, 38, Low, 
with blood vitamin C of less than 0.4 mg. ©. 

In the normal blood group (Graph 1) there are 42 cases. Of these, 
the spinal fluid is normal (1.82 mg. ‘ 
average spinal fluid for the group is 2.40 mg. ©; of vitamin C. 

In the intermediate subnormal blood group (Graph 1) there are 
64 cases. Of these, the spinal fluid vitamin C is normal in 30 (47°) 


or more) in 36 (S607). The 


and low (below 1.82) in 34 (55°). The average spinal fluid value 
for the whole group is 1.81 mg. © 
In the low blood group (Graph 2) there are 151 cases. Of those, 


the spinal fluid is low (below 1.82) in 137 cases (9107). The average 
spinal fluid value for the group is 0.97 mg. ©% of vitamin C. 

In Table 1, 248 cases in which the age was known are arranged 
by age groups (using the groupings of Plaut and Bulow). 

Discussion. We believe that the results riven above show that 
both a normal blood cevitamic acid (above 0.7 mg. ©;) and a very 
low blood vitamin C (below 0.4 mg. 67) are almost invariably 
associated with correspondingly normal and subnormal values for 
the spinal fluid. 

In the intermediate subnormal range no such close correlation 
exists. (In a previous paper’ we demonstrated similar relationships 
with the urinary excretion test.) 

Our results show no significant age correlation in the level of 
vitamin C in the blood or spinal fluid. There is a slight drop in the 

* Pijoam, M., Alexander, L., and Wilson, A.: J. Clin. Invest., 17, 169, 1938. 
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GRAPH 1 Spinal fluid correlations in patients with normal and moderately sub- 

normal Unterme ite blood cevitamiec acid 
This and the following graph are lrawn in deseending order of lood cevitami 
acid Each pair of dots on the same ordinate in the two halves of the graph repre- 
sents simultaneous blood and spin il fluid determinations on the same patient 
GrRapPH 2. -Spinal fluid correlations patients with low blood cevitamie acid. 
PaBLE | SPINA Crevitramic Acip By AGE Groups 
Spinal fl vitan ( 

Age gr N fea Rar Av. va 
0-19 5 0.92-4.18 1.74 
ou 0 46-3. 406 1 59 
13s 0. 36-396 1.54 
61-83 0. 28—4 .07 1.27 
TABLE 2.—NoORMAL Spinat Fiurp Cevitamic Acip By AGE Groups 

Spinal fluid 
vitamin C, 
No. of av. value 

Age grout cases mg. 
0.19 2 3.73 
20-35 21 ?.92 
36-60 14 64 
61-83 7 3; 05 
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spinal fluid cevitamic acid in the 61- to 83-vear-old-age group. This is 
not present if only the normal spinal fluids are tabulated (Table 2). 
These findings are at variance with those previously reported by 
Plaut and Biilow®™ and deserve further study. 

Conclusions. 1. There is a close correlation between the blood 
and spinal fluid levels of vitamin C in the ranges stated. 

2. There is no significant age correlation in the spinal fluid cevita- 
mic acid of adults, although there is a slight drop in the group above 
61 vears of age. 

3. It is probable that vitamin C plays a role in nervous tissue 
metabolism, although the mechanism of this action is not as vet 
determined. 


We are indebted to Drs. Karl M. Bowman, Foster Kennedy and I. Ogden Woodruff 
for the use of clinical material from their respective services at Bellevue Hospital 
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NOTE ON THE LACK OF CORRELATION OF CAPILLARY 
FRAGILITY WITH VITAMIN C CONTENT OF BLOOD, 
SPINAL FLUID AND URINE. 


By James M.D., 


ASSISTANT VISITING PHYSICIAN, FIRST MEDICAL DIVISION, BELLEVUE HOSPITAL, 


Herman Wortis, M.D., 
ASSISTANT ALIENIST BELLEVUE HOSPITAL, 
AND 
ErHeL Wortis, M.D., 
CLINICAL ASSISTANT VISITING PHYSICIAN, FIRST MEDICAL DIVISION, BELLEVUE 


HOSPITAL, NEW YORK CITY. 


(From the Department of Pathology of Bellevue Hospital, Laboratory of Experi 
mental Neurology, the First Medical Division, the Psychiatric Division and 
the Neurological Division of Bellevue Hospital 

At the present time, tests of capillary fragility are commonly 
used to determine the presence of “subclinical scurvy” associated 
with lowered vitamin C reserves. The reliability and actual rela- 
tion of such tests as indices of vitamin C nutrition has been both 
affirmed®.® 8:19.13.14.19 and denied!!!" by various investigators. 

In the course of studies on the relationship of vitamin C in the 
blood, spinal fluid and urine'®'? we performed, in addition to chemi- 
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cal titration of the cevitamic acid, tests of capillary fragility on 88 
patients on whom we had determined the blood vitamin C. In 78 
of these the spinal fluid vitamin C was also determined and in 75 
the urinary excretion following an intravenous test dose. 


Methods. The capillary resistance and fragility was tested by two 
methods: 1, Wright’s modification of the Rumpel-Leeds test;'® and, 2, 
Dalldorf’s suction cup method.’ In all but 4 patients, who refused to 
coOperate in the rather uncomfortable Rumpel-Leeds test, both tests were 
done. 

In Wright's modification of the Rumpel-Leeds test, a blood pressure 
cuff is applied to the arm and kept inflated for 15 minutes, one-half way 
between systolic and diastolic pressure. Five minutes after release of the 
cuff, the number of petechia in a 2.5 em. circle drawn on the flexor surface of 
the forearm are counted. Wright considers 0 to 10 petechis# normal and 
10 to 20 borderline. For the sake of simplifying analysis, we have charted 
as “normal” all cases with 15 petechia or fewer. 

In Dalldorf’s method, a 1 em. suction cup is applied to the skin of the 
upper arm near the deltoid insertion and varying negative pressures are 
applied for 1 minute. If petechial hemorrhage is produced at 25 em. 
negative Hg pressure or below, the capillary fragility is regarded as ab- 
normal (see discussion). 

The vitamin C assays in the blood, spinal fluid and urine were done by 
the method of Farmer and Abt.’ We regard as normal blood levels of 0.7 
mg. ©; or over?’ and spinal fluid levels of 1.82 mg. ©; or over. After we 
had submitted this paper for publication a new photo-electrie method of 
titrating vitamin C was published.* The authors of this paper claim 
that the method of Farmer and Abt, used by us in titrating spinal fluid, 
vields figures for vitamin C that are too high. However, in a previous 
study,’ we have shown that a close parallelism exists between our blood 
and spinal fluid figures. Therefore although our absolute numerical figures 
for vitamin C in the spinal fluid may be incorrect, we feel that their 
relationship to our blood vitamin C values is correct, and that consequently 
our conclusions are valid. In studying the urinary excretion, the 5-hour 
test of Wright?’ was used in which in normal individuals 400 mg. or more of 
cevitamic acid are excreted in 5 hours following a 1 gm. intravenous test 
dose 

The patients used in this study were divided about equally between the 
neuro-psychiatric and general medical wards of this hospital. No attempt 
was made to select cases on a basis of either disease entities or dietary 
history. It should be noted, however, that the patients at Bellevue are 
in general drawn from the lowest income groups in the population and that 
consequently in our material there is a preponderance of low vitamin C 
levels. 


Results. (See Charts 1 and 2.) To summarize, we find when the 
blood vitamin C is normal, the Rumpel-Leeds test is normal in 
about three-fourths of the cases (74°) and when the blood is 
either moderately subnormal or definitely low, the Rumpel-Leeds is 
abnormal in 70°;. In other words, there is about 70 to 75% agree- 
ment between the blood vitamin C and the Rumpel-Leeds tourni- 
quet test as standardized by Wright. 

As the accompanying charts show, there was little correlation 


* Pijoam, M., Alexander, L., and Wilson, A.: J. Clin. Invest., 17, 169, 1938. 
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between Wright's modification of the Rumpel-Leeds test and the 
spinal fluid and urinary excretion assays of cevitamic acid. 

If with the Dalldorf suction cup method 30 em. Hg negative 
pressure is used as the lower limit of normal,* the test was found 
to have very little correlation with the actual vitamin assay. 

As Charts 1 and 2 show, the incidence of “‘abnormal fragility” 
tests in the group of cases with normal vitamin C stores is too high 
and, conversely, the incidence of normal fragility in the cases with 
low vitamin © reserves is too frequent to make negative pressure 
tests, as used by us, of any clinical value. 


Normal Blood Group Intermediate Blood Low Blood Group 
19 Cases Group—24 Cases 15 Cases 


M 


t-L Dall. R-L Dall R-L Dall. 
37! 20‘ 13‘ 22‘ 


Normal Normal Normal Normal Normal Normal 


CuHarT 


It should be noted that both Wright and Dalldorf emphasize that 
single determinations are not of as much significance as a rise in 
the capillary resistance following vitamin © therapy. With this 
point of view we are in entire agreement. Dalldorf, indeed, in his 
published studies has never, except by implication, stated that 
there was any one level which could be taken as definitely abnormal. 
However, in a personal communication, he has stated that he be- 
lieved a positive hemorrhagic reaction at 25 em. lig negative pres- 
sure probably was abnormal. 

There was one observation that we made in using the Dalldorf 


* We recalculated our results, using 20 em. and 15 cm. of negative Hg pressure 
as lower limits of normal. Taking these values of normal, the results with the Dall 
dorf test are no better. For example, using 15 ecm. Hg as the lower limit of normal! 
we find that there are 58°, normal Dalldorf tests in the normal blood vitamin ( 
group but that there then are (on this basis) 37° normal Dalldorf tests in the sub 
normal blood vitamin C group—a correlation still too poor to be of any clinical 
value. We also found that there was no significant change in the results if only tests 
with grossly confluent hemorrhage were considered as positive. 
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apparatus that we feel is worth mentioning. In 14°) of our cases 
we found that with the suction cup a reaction that at lower negative 
pressures Was positive, would be negative at high negative pressures, 
€. Q., hemorrhage could be produced at 30 Ci. lig negative pressure 
and not at 50 cm. We attribute this to complete shutting off of 
capillary flow at the rim of the cup at high negative pressures. 

Finally, we wish to emphasize that there are other causes* than 
vitamin © deficiency of increased capillary fragility, and that 
abnormally high fragility should be attributed to vitamin C de- 
ficiency only if the vitamin © is low prior to therapy and if the 
abnormal state of fragility disappears following adequate vitamin 
therapy. 


Spin Flu Urina etion 
27 Cases Cases IS Case Cases 
Norma!| Low Normal Low 
le 
4 4 
4 — 
4 
. A ee? 
| 
R-L Dall R-L Dall. R-L Dal R-L Dall 
Normal Norma Normal Norma Normal Normal Normal Normal 


(CHART 2 


Conclusions. |. Clinical tests of capillary fragility may be 
normal in the presence of markedly low values for vitamin C in 
blood, spinal fluid and urine and conversely abnormal in the pres- 
ence of normal © values. 

2. The suction cup negative pressure method in our hands pro- 
duced petechie at 25 em. Hg in 63°, of our normal cases and ts, 
therefore, when used in this fashion, of little value in estimating 
vitamin © deficiency. 

3. The Rumpel-Leeds test as standardized by Wright showed 
some correlation with blood vitamin © levels but not with spinal 
Huid or urinary excretion tests of vitamin C 

The following other conditions have been listed as responsible for abnormal 
ipillary fragility :'’ thrombocytopenic purpura, hemophilia, neoarsphenamine, and 
ther drugs; anaphylactoid purpura, acute nephritis, carbon monoxide poisoning, 
xins, e.g., diphtheria, scarlet fever, acute infections; acetonia, menstruation, 
nemia, other vitamin factors, particularly vitamins P and D,*:*!® and a large group 


f cases in which the etiology is not apparent but which are certainly due to factors 
ther than vitamin C, 
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4. If indirect methods of determining vitamin C must be used, 
Wright’s modification of the Rumpel-Leeds test is the preferable 
method. The limitations of this test, however, must be understood. 

5. Abnormal fragility tests should be considered as being due 
to vitamin C deficiency only if: a, the vitamin C in the body fluids 
is low; and, b, if the fragility returns consistently to normal following 
adequate vitamin C therapy. 

We wish to thank Drs. I. Ogden Woodruff, Foster Kennedy, Karl M. Bowman, 


respectively, Directors of the First Medical, Neurological and Psychiatric Divisions 
of Bellevue Hospital for the use of clinical material from their wards. 
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NOTE ON THE LACK OF HEMOREGULATORY EFFECT OF 
, ASCORBIC ACID ON PATIENTS WITH 
POLYCYTHEMIA VERA. 


By E. V. KanpeE., M.D., 
DOUGLAS SMITH FOUNDATION FELLOW, CHICAGO, ILLINOIS, 
AND 
G. V. LeRoy, M.D., 
CHICAGO, ILLINOIS 
From the Hematologic Clinic of the Department of Medicine of the University 
of Chicago 
Ir has been -postulated by Barron that one of the functions of 
ascorbic acid is to maintain the hemoglobin concentration in the 
blood at its normal level. This hypothesis is supported by two 
facts. First, the decreased hemoglobin content in early stages of 
scurvy occurs before clinical symptoms appear; and the hemoglobin 
comes back to normal after the administration of ascorbic acid 
before these symptoms subside.** Second, cobalt polycythemia is 
prevented in rabbits when ascorbic acid and cobalt are given simul- 
taneously.!. Furthermore, ascorbic acid on oxidation reduces 
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ferrihemin to ferrohemin. and hemoglobin results from the combina- 
tion of ferrohemin and globin. 

The power of ascorbic acid to control the appearance of cobalt 
polycythemia in rabbits suggested its use in the treatment of poly- 
evthemia vera. At Dr. Barron’s suggestion, ascorbic was adminis- 
tered to several cases of polycythemia vera. 

The first patient tested was an elderly man with a consistently 
high erythrocyte count and a peculiar violaceous color of his skin. 
He was treated while in the Billings Memorial Hospital, where he 
was on the service of Dr. G. F. Dick. There was some question 
about the correct diagnosis in this instance, so that the failure of 
the ascorbic acid to influence the ery throes te count was more or less 
discredited. It was also felt at that time that if the erythrocyte 
count were brought down to normal levels the ascorbic acid might 
be more likely to maintain it there. Three such cases were then 
studied, brief svnopses of which follow: 

Case Abstracts. Case}. A 50-year-old mulatto woman had been under 
treatment for 3 months for typical polveythemia vera, associated with 
hypertension. She had been given increasing doses of acetylphenylhydrazine 
hydrochloride until she was taking 0.2 gm. daily. After 10 days of this 
her erythrocyte count began to decline rapidly (Table 1) and she was 
hospitalized. As the blood count returned towards normal, the administra- 
tion of 400 mg. of ascorbic acid daily was started. After 7 months there 
has been no apparent protection against the recurrence ol polycythemia. 


| THe Bioop Prerure IN Case lL. 
Erythrocytes, 
He milli 

Dute gm. per mn (Comment 
2/2 7 26.2 9 30 Acetylphenylhydrazine 
3 IS 26 4 7.87 
1 | 26.2 9.24 No medication 
$15 24.2 7.99 
1/29 27.0 S 4S Acetylphenylhydrazine, 0.1 gm. b.i.d 
»> 10 lt) ¢ 5 60 
515 Hospitalized 
5/13 10 $ 44 

» 24 § 3 2 99 

27 8.2 2.95 
63 10.6 49 
610 | ie 113 Ascorbie acid, 400 mg. 
O17 14.3 

5.04 Discharged from hospital; vitamin C 
713 16.2 5.20 continued 
7 20 IS 5 5 
25.0 7 64 Ascorbic acid stopped 


Case 2. A 57-vear-old white woman had been under the care of one of 

kX. V. K.) for 2 years for the control of classical polyeythemia vera. At 
rst, a solution of potassium arsenite was used satisfactorily, but when she 
‘came intolerant of it, acetyl|phenylhydrazine was given. At our sugges- 
on she entered the hospital for experimentation. The dosage of acetyl- 
henvlhydrazine was increased steadily until the red blood count fell to 
ist below normal (Table 2). At this time. 400 mg. of ascorbic acid was 
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given instead of the acetylphenylhydrazine. It is not possible to estimate 


any protection against the development of further anemia. After 4 weeks, 
because of a steady increase of the erythrocytes, the vitamin was dis- 
continued, 

TaBLE 2.—TuHE Picture IN Case 2. 


Erythrocytes, 


Hemoglobin, millions 
Date, gm. % per mm Comment 
6/434 22.4 6.57 Solution of potassium arsenite 
10 16 D. 33 
11 19/36 27.9 7.45 No drugs, 3 months 
12/17 23.7 6.52 Acetyl phenylhydrazine 
2/13/3 +. 20 
7/2 1.9 7.88 
7/5 Hosp talized, drug dose increased 
7/8 24.3 7.69 
716 21.8 6.64 
7/26 21.6 5.97 
8/2 19.0 
16.3 O1 
S13 Ascorbic acid, 400 mg., replaces acetyl 
S16 13.5 $613 phenylhydrazine 
8/23 12.0 45 
S30 3.45 Discharged; vitamin C continued 
9/16 18.2 1.07 Ascorbie acid stopped 
9/20 20.2 6 338 etylphenylhy lrazine 
10/18 1 SU 


Case 3. A 46-vear-old white man entered the hospital at our request tor 
the management of an untreated case of typical polyeythemia vera. His 
erythrocytes were decreased by daily venesection. A total of 4500 ce. of 
blood was removed in 6 days. Ascorbic acid was given in daily doses of 
400 mg. after the second day in the hospital. Four weeks after the last 
bleeding the vitamin was discontinued because of a steady increase of thi 
erythrocytes (Table 3). 


TaBLeE 3.—THE BLoop PictuRE IN Case 3 
Erythrocytes, 
Hemoglobin, millions 
Date. gm. % per mm ( 

9/2/34 26.4 de 
93 Hospitalized 
G4 OO Ascorbic acid, 400 mg., started ven 
97 204 6.79 sections started 
9/10 16.6 91 
911 Venesection stopped 
913 15.0 $85 
9/15 14.8 $ SY Discharged; vitamin C continued 
10/5 16.4 5.72 Ascorbic acid stopped 
10/21 18.2 6.50 Acetylphenylhydrazine 
11/11 16.0 5.66 
12/16 15.2 5.19 


Two outpatients, suffering from characteristic polveythemia vera, whos 
blood counts had been well controlled by acetylphenylhydrazine, were give! 
instead 400 mg. of ascorbic acid daily. Their blood counts promptly ir 
creased and the vitamin was withdrawn. 


Summary and Conclusions. |. An attempt has been made to dis- 
cover whether ascorbic acid is capable of maintaining the erythrocyte 
counts of patients with polycythemia vera at normal levels. 
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2. Ascorbic acid seems to have no influence, either good or bad, 
on the red blood counts and the hemoglobin levels of such patients, 
especially in preventing the return to polycythemic levels. 
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RELIEF OF ANGINOID PAIN FOLLOWING REMOVAL OF 
INTRATHORACIC NON-TOXIC NODULAR GOITER.* 


By Josepu EprerkeN, M.D., 
INSTRUCTOR IN) MEDICINE UNIVERSITY OF PENNSYLVANIA, SCHOOT OF MEDICINE, 
AND 
Epwarp Rosse, M.D.. 
ASSISTANT PROFESSOR OF CLINICAL MEDICINE, UNIVERSITY OF PENNSYLVANIA, SCHOO! 


OF MEDICINE, PHILADELPHIA, PA 


From the Robinette Foundation and the Endocrine Section, Medical Clinic, Hospital 
of the University of Pennsylvania; and the Mt. Sinai Hospital, Philadelphia 
Various aspects of the relationship between the thyroid gland 

and cardiac disorders have been studied and discussed in detail in 
the literature. These include: (a) the effect of total ablation of the 
normal thyroid upon congestive heart failure and angina pectoris; 
b) the relationship between thyrotoxicosis and congestive heart 
failure, cardiac arrhythmias, and angina pectoris; and (c) the 
relationship between “non-toxic”’ goiter and certain cardiac abnor- 
malities. One aspect of the general problem, however, has received 
comparatively little attention, namely the relationship between sub- 
sternal “non-toxic” goiter and anginoid pain. 

Bisgard' in 1936 reported the case of a 67-year-old man with a 
large nodular substernal goiter of long standing, who had exhibited 
effort angina for 2 years. The basal metabolic rate was —32%; 
glucose tolerance was somewhat impaired; blood cholesterol was 
173 mg. ©7, and the electrocardiogram was normal. After subtotal 
thyroidectomy the attacks of pain disappeared promptly, the basal 
inetabolic rate rose to normal, and glucose tolerance improved. 
Bisgard suggested that interruption of possible direct nervous com- 
munication between the heart and the thyroid, in the adventitia 
f the aorta, carotid, innominate or thyroid arteries, might have 
roduced the relief of pain in his patient. 

Kreuzfuchs? recently described what he calls ‘‘thyreoptotic 
sseudo-angina pectoris” and states that he had mentioned it as 
early as 1912. He believes that anginoid pain, without true heart 
isease, may be associated with “ptosis’’ of a normal thyroid isthmus 
r with intrathoracic goiter, especially in the fifth and six decades; 
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he ascribes the symptoms to pressure upon the aorta, or to displace- 
ment of the trachea and cardiac plexuses. He considers irradiation 
the treatment of choice,* but states that in some cases the symptoms 
subside spontaneously after the age of 50. 

In connection with these reports, the following case is of interest. 


Case Report. K.%., a married Jewish woman, aged 45, was first seen 
by one of us on November 13, 1935. She had been in good health, except 
for slight dyspnea on effort, until the evening of October 24, 1935. While 
sitting quietly at home, she was suddenly seized with a sense of tightness 
and pressure in the left upper chest, left shoulder, the left side of the back 
to the waist, the inner side of the left arm to the elbow and the left lower 
jaw. The sensation was extremely severe and did not start at one spot 
and radiate, but appeared simultaneously in the above mentioned areas, 
and was associated with difficulty in respiration. The symptoms lasted 
about 5 minutes and left her in a weakened condition. A few minutes later, 
she had another seizure of a similar nature, and her family physician was 
called. Except fora rise in blood pressure of 40 mm. Hg and tachyeardia, 
nothing of significance was found on examination. There was no cyanosis, 
cough, hoarseness, sweating or chilliness associated with the attack. This 
seizure, however, lasted about an hour 


Fic. 1 Distribution of pain during attacks 


During the following 3 weeks, the attacks recurred with great similarity 
of symptoms and time of onset. Usually, the seizures came on while at 
rest in bed, and awakened her from sleep between 4 and 5 a.M., whereupon 
she would get out of bed, walk about, and the attack would stop. One 
attack, however, lasted from 7 p.m. to 7 A.M. She was not aware of any 
exciting cause of the seizures; walking seemed to relieve the pain rather 
than induce it. Her past medical and family histories were unimportant. 

On physical examination, she had the appearance of good health, was 
short and slightly overweight. There was no apparent dyspnea, cyanosis 
or jaundice. Her blood pressure was 120/80, and physical examinatior 
was negative except for diseased tonsils and dental caries. No thyroid 
enlargement could be detected in the neck. Fluoroscopy, however, dis 
closed a mass in the superior mediastinum, apparently substernal thyroid 
resting upon the aorta. The orthodiagram disclosed the heart to be ot 


* There is little evidence that the non-toxic thyroid is affected structurally or fun 
tionally by irradiation in therapeutic dosage 
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2 Electrocardiograms Before ind after thyroidectomy The only 
lefinite abnormality is the upright (pathologic) 7 waves in the precordial leads 
IV and V). 3) Ten months after operation; at this time there was evidence sug- 
gestive of hypothyroid sm Note the flattening of the 7 waves in the precordial 
leads ( Fifteen months after operation; the attacks had recurred The 7 waves 
n the precordial leads are again upright (pathologic D) Twenty-two months 
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Fic. 3 Roentgenographic appearance of tl cs e and after thyroidectomy am 
(A) Before operation; note mediastinal m s ement whea of the left, 
and right scoliosis of cervical spine B) Two weeks after operation; mediastinal dis 
mass has disappeared but mediastina shad somewhat wide and dense a rate 
and tracheal deviation still present. ( Four weeks after operation; appearance the 
essentially the same as B D) Twenty-one months after operation mediastinum mas 
now seems normal Scoliosis and trache ie n have now disappeared left, 
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normal size, shape and position. The electrocardiogram showed upright 
(pathologic) T waves in the precordial leads; the limb leads were essentially 
normal (Fig. 2, A 

She was admitted to the Medical Division of this hospital on November 
16, 1935. Roentgen ray of the chest (Fig. 3) revealed the following: ‘The 
trachea is deviated considerably to the left by a substernal mass which is 
in the right upper thoracic region. The esophagus was also deviated to 
the left side. On swallowing, the mass went up into the neck and there was 
nothing to suggest an aneurysm of the innominate artery. The lung fields 
were clear. Diagnosis: Substernal extension of the thyroid on the right 
side producing tracheal deviation.”” Repeated electrocardiograms showed 
upright (pathologie) 7 waves in the precordial leads; the limb leads were 
essentially normal. Her basal metabolic rate was —9°,. The blood count 
was normal. The blood urea nitrogen was 14 mg., sugar 90 mg. and 
cholesterol 250 mg.¢,. The urine was normal. Her blood Wassermann test 
Was negative. 

Attacks of pain occurred during the night but were not as frequent or 
severe as those experienced at home. All were relieved by nitroglycerin. 
It was decided to trv the effects of Roentgen ray therapy and iodides, 
although no great change was anticipated if the mass were substernal 
thyroid. On December 5, 1935, Roentgen ray therapy was begun.  Fol- 
lowing each treatment, the seizures were more frequent and of increased 
intensity. After 5 daily treatments, during which a total of 1050 R was 
given, Roentgen ray of the chest showed no diminution in the size of the 
mass, although the roentgenologist considered the amount of treatment 
insufficient. Ten minims daily of a saturated solution of potassium iodide 
was given from November 28 until December 24, without apparent effect. 
The patient, refusing operation, left the hospital December 24, 1935. 

The patient later consented to operation, performed January 22, 1936, 
by Dr. B. Lipshutz. The thyroid was found to be for the most part beneath 
the sternum, occupying the upper mediastinum, chiefly on the right side 
and adherent to the surrounding structures. The exact relation of the 
thyroid mass to the aorta could not be determined at the time of operation, 
although the Roentgen ray suggested a close approximation between them. 
With great difficulty, the gland was freed by finger dissection and a sub- 
total thyroidectomy performed. The dead space left in the uppper medi- 
astinum was filled with narrow gauze packing. The portion of the gland 
removed weighed 80 gm. Histologic eramination, by Dr. David Meranze, 
showed two distinct pictures: areas of essentially normal thyroid, and areas 
showing acini greatly distended and distorted with faintly staining colloid 
substance. In the colloid areas the acini varied greatly in size, some 
apparently having fused. Their lining cells were extremely flattened and 
the contained colloid stained palely. Some acini were hemorrhagic and 
some were replaced entirely with hyaline material showing acicular spaces 
and lipoid-filled cells. 

Except for a cough, convalescence was uneventful and the patient was 
discharged from the hospital on February 4, 1936. The basal metabolic 
rate on February 4, 1936, was +15°; and a Roentgen ray of the chest on 
the same day showed the absence of the previously reported supracardiac 
mass; the trachea continued somewhat compressed and displaced to the 
left, although less than before operation. The mediastinal shadow was still 
somewhat widened and abnormally dense. An electrocardiogram was not 
done. 

When seen again, February 19, 1936, she reported several attacks of 
moderate pain of short duration. The electrocardiogram was essentially 
the same as before operation. On October 17, 1936, she complained of 
narked shortness of breath and sluggishness. The attacks, however, had 
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become increasingly infrequent. She had gained 36 pounds in weight since 
operation. The electrocardiogram (Vig. 2, B) showed flat 7 waves in the 
precordial leads. Her basal metabolic rate was —5°, and blood cholesterol 
was 284 mg.‘;. She Was placed on } grain of thyroid substance (Armour) 
daily and on November 14, 1936, reported that she felt much better in 
general and that the attacks had been very infrequent and not severe. 
She had lost 53 pounds in weight. In the middle of December, 1936, she 
stopped taking thyroid. She was comparatively free of symptoms until 
February 1, 1937, when she developed an acute bronchitis which was ac- 
companied by a sense of thoracic pressure but no pain. On April 28, 1937, 
she had a recurrence of the attacks. (Fig. 2, C shows the electrocardio- 
gram on that day.) She was placed on 1} grains of thyroid substance daily 
which she took for 2 weeks. On October 12, 1937, she reported that she 
had not had any attacks except for a minor one in June. The eleetrocardio- 
gram (Fig. 2, D) on that day showed inverted (normal) 7 waves in the 
precordial leads for the first time since she came under observation. (Fig. 
3, D shows the Roentgen ray of the chest taken the same day.) Her basal 
metabolic rate on October 18, 1937, was +5, and the blood cholesterol 
was 403 mg.°%. She was last seen on May 28, 1938, when she reported 
that she had had no further attacks since the slight one in June (about 113 
months) and was feeling well in general. 


Comment. Several features require comment. First, although 
relieved by nitroglycerin, the attacks of pain were nocturnal, and 
were not precipitated by exercise; indeed, at times exertion brought 
relief. Second, removal of the substernal goiter was not followed 
by immediate disappearance of the attacks; the continued to recur, 
though at infreque nt intervals, for about 17 months after operation. 
Third, a scoliosis of the cervical spine to the right is apparent in 
the Roentgen rays taken before operation. This, together with the 
tracheal deviation, persisted for at least 1 month after operation. 
Some increase in width and density of the upper mediastinal shadow 
was also noted for the same length of time. All these findings had 
disappeared in the film made 21 months after operation, when the 
attacks had ceased. Fourth, the hypercholesteremia suggested 
some thyroid deficiency before operation (although the basal 
metabolic rate was not in conformity with this), and the picture 
was even more suggestive of hypothyroidism 9 months after oper- 
ation. Finally, the electrocardiographic changes might have been 
associated with the goiter regardless of its location, as it has been 
shown that “non-toxic” goiter may be associated with a variety) 
of electrocardiographic abnormalities (in limb leads at least) and 
that they may disappear at varving intervals after the removal of 
such goiters.4 

Discussion. Several possible explanations for the relief following 
thyroidectomy may be considered. 

1. A state of myxedema comparable to that produced by total 
thyroidectomy might have been produced. This is supported b; 
the patient’s appearance and the hypercholesteremia 9 month 
after operation. It is contradicted, however, by the basal metaboli: 
rate and by her present appearance. 
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2. On the contrary, the coronary circulation might have improved 
following the removal of a mass of non-functioning th¢roid tissue, 
a state of thyroid insufficiency having been thereby corrected. 
This possibility is eliminated by the marked hypercholesteremia 
found in October, 1937. Furthermore, the original attacks of pain 
were not of the type usually seen in persons with coronary artery 
disease. 

3. Afferent nerve pathways contained in the vagus branches, 
the superficial or deep cardiac plexuses, a plexus in the upper pos- 
terior mediastinum,’ the superior or middle cardiac nerves, or ramifi- 
cations thereof, may have been interrupted by the operation. Wein- 
stein and Hotf® have confirmed the intimate relationship between the 
superior and middle cardiac nerves and the S\ mpathetic innervation 
of the thy roid. Subtotal thy roidectomy could thus have easily 
interrupted sensory impulses traveling through the superior or 
middle cardiac nerves. 

!. Part of the intrathoracic thyroid mass may have produced 
the pain by pressure upon the periaortic part of the superficial 
cardiac plexus, and relief of this pressure by the operation may have 
relieved the pain. Both this and the preceding hypothesis, however, 
leave the electrocardiographic changes and the postoperative 
recurrences of pain unexplained. 

5. The possibilities that the entire svmptom complex may have 
been functional, or that the subsidence o¥ the attacks bore no rela- 
tion to the thy roidectomy , seem too remote to require discussion, 

It would appear that no entirely satisfactory explanation can be 
offered of the mechanism whereby relief of the pain in this case 
followed removal of the intrathoracic goiter. The persistence of the 
cervical scoliosis and tracheal deviation for at least | month after 
operation suggests the possibility of some residual exudate or inflam- 
matory process in the bed of the mediastinal goiter, which might 
have been a factor in the postoperative recurrences of pain. The 
tracheal deviation may have played a part in the production of the 
attacks,’ although dyspnea was not a symptom. From Bisgard’s! 
report and our own experience, it seems justifiable to conclude that 
intrathoracic goiter, without the usual phenomena of hyperthyroid- 
ism, may be associated with typical angina pectoris or anginoid 
hest pain, and that relief may follow removal of the goiter. 

Summary. ‘The case is reported of a 45-year-old woman who 
uffered repeated severe attacks of thoracic and shoulder pain, who 
ilso presented electrocardiographic abnormalities, hypercholestere- 
iia, and a large intrathoracic goiter in proximity to the aortic arch. 
ubtotal thyroidectomy was followed by marked reduction in the 
equency and severity of the attacks, and eventually by their dis- 
ppearance (for 113 months up to the time of writing) and by the 
turn of the electrocardiogram to normal. 
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become increasingly infrequent. She had gained 36 pounds in weight since 
operation. The electrocardiogram (Vig. 2, B) showed flat 7 waves in the 
precordial leads. Her basal metabolic rate was —5°; and blood cholesterol 
was 284 mg.‘;. She Was placed on } grain of thyroid substance (Armour) 
daily and on November 14, 1936, reported that she felt much better in 
general and that the attacks had been very infrequent and not severe. 
She had lost 5} pounds in weight. In the middle of December, 1936, she 
stopped taking thyroid. She was i parapet free of symptoms until 
February 1, 1937, when she developed an acute bronchitis which was ac- 
companied by a sense of thoracic pressure kel no pain. On April 28, 1937, 
she had a recurrence of the attacks. (Fig. 2, C shows the electrocardio- 
gram on that day.) She was placed on 1} grains of thyroid substance daily 
which she took for 2 weeks. On October 12, 1937, she re ported that she 
had not had any attacks except for a minor one in June. The electrocardio- 
gram (Fig. 2, D) on that day showed inverted (normal) 7 waves in the 
precordial leads for the first time since she came under observation. (Fig. 
3, D shows the Roentgen ray of the chest taken the same day.) Her basal 
metabolic rate on October 18, 1937, was +5°, and the blood cholesterol 
was 403 mg.°%. She was last seen on May 28, 1938, when she reported 
that she had had no further attacks since the slight one in June (about 11} 
months) and was feeling well in general. 


Comment. Several features require comment. First, although 
relieved by nitroglycerin, the attacks of pain were nocturnal, and 
were not precipitated by exercise; indeed, at times exertion brought 
relief. Second, removal of the substernal goiter was not followed 
by immediate disappearance of the attacks; they continued to recur, 
though at infrequent intervals, for about 17 months after operation. 
Third, a scoliosis of the cervical spine to the right is apparent in 
the Roentgen rays taken before operation. This, together with the 
tracheal deviation, persisted for at least 1 month after operation. 
Some increase in width and density of the upper mediastinal shadow 
was also noted for the same length of time. All these findings had 
disappeared in the film made 21 months after operation, when the 
attacks had ceased. Fourth, the hypercholesteremia suggested 
some thyroid deficiency before operation (although the basal 
metabolic rate was not in conformity with this), and the picture 
was even more suggestive of hypothyroidism 9 months after oper- 
ation. Finally, the electrocardiographic changes might have been 
associated with the goiter regardless of its location, as it has been 
shown that “non-toxic” goiter may be associated with a variety 
of electrocardiographic abnormalities (in limb leads at least) and 
that they may disappear at varying intervals after the removal of 
such goiters.4 

Discussion. Several possible explanations for the relief following 
thyroidectomy may be considered. 

1. A state of myxedema comparable to that produced by total! 
thyroidectomy might have been produced. This is supported b; 
the patient’s appearance and the hypercholesteremia 9 month- 
after operation. It is contradicted, however, by the basal metaboli 
rate and by her present appearance. 
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2. On the contrary, the coronary circulation might have improved 
following the removal of a mass of non-functioning th¢roid tissue, 
a state of thyroid insufficiency having been thereby corrected. 
This possibility is eliminated by the marked hypercholesteremia 
found in October, 1937. Furthermore, the original attacks of pain 
were not of the type usually seen in persons with coronary artery 
disease. 

3. Afferent nerve pathways contained in the vagus branches, 
the superficial or deep cardiac plexuses, a plexus in the upper pos- 
terior mediastinum,’ the superior or middle cardiac nerves, or ramifi- 
cations thereof, may have been interrupted by the operation. Wein- 
stein and Hoff have confirmed the intimate relationship between the 
superior and middle cardiac nerves and the sympathetic innervation 
of the thyroid. Subtotal thyroidectomy could thus have easily 
interrupted sensory impulses traveling through the superior or 
middle cardiac nerves. 

!. Part of the intrathoracic thyroid mass may have produced 
the pain by pressure upon the periaortic part of the superficial 
cardiac plexus, and relief of this pressure by the operation may have 
relieved the pain. Both this and the preceding hypothesis, however, 
leave the electrocardiographic changes and the postoperative 
recurrences of pain unexplained. 

5. The possibilities that the entire symptom complex may have 
been functional, or that the subsidence of the attacks bore no rela- 
tion to the thy roidectomy , Seem too remote to require discussion, 

It would appear that no entirely satisfactory explanation can be 
offered of the mechanism whereby relief of the pain in this case 
followed removal of the intrathoracic goiter. The persistence of the 
cervical scoliosis and tracheal deviation for at least 1 month after 
operation suggests the possibility of some residual exudate or inflam- 
matory process in the bed of the mediastinal goiter, which might 
have been a factor in the postoperative recurrences of pain. The 
tracheal deviation may have played a part in the production of the 
attacks,? although dyspnea was not a symptom. From Bisgard’s! 
report and our own experience, it seems justifiable to conclude that 
intrathoracic goiter, without the usual phenomena of hyperthyroid- 
ism, may be associated with typical angina pectoris or anginoid 
hest pain, and that relief may follow removal of the goiter. 

Summary. ‘The case is reported of a 45-year-old woman who 
suffered repeated severe attacks of thoracic and shoulder pain, who 
ilso presented electrocardiographic abnormalities, hypercholestere- 
nia, and a large intrathoracic goiter in proximity to the aortic arch. 
ubtotal thyroidectomy was followed by marked reduction in the 
requency and severity of the attacks, and eventually by their dis- 
ppearance (for 113 months up to the time of writing) and by the 

turn of the electrocardiogram to normal. 
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Since the above was written attention has been called (Reid, W. D., J. Am. Med 
Assn., 110, 1724, 1938) to thoracic pain following compression of the brachial plexus 
by cervical rib or the scalenus anticus muscle, and a case cited in which such pain 
disappeared after correction of a left scoliosis rhis suggests another possible 
explanation for the events in our case, ¢.¢., the goiter may have given rise to the 
right cervical scoliosis which in turn may have caused tension of the left scalenus 
anticus with brachial plexus compression, the syndrome being terminated by re 
moval of the goiter and subsequent disappearance of the scoliosis This would not 
however, explain the electrocardiographic changes (see Fig. 3 
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(From the Department of Medicine and Pathology, Saint Louis City Hospital, and 
the Department of Pathology, University of Pennsylvania 
ALTHOUGH calcification of the aortic valve has received consider- 
able attention during the past few years, its importance clinically 
is not generally appreciated. The early literature contains a few 
references to this lesion. As far back as 1672 Rayger*® described an 
autopsy in which there was ‘osseous fusion of the aortic cusps.’ 
In 1706, Cowper" described a case with “‘petrifaction of the stenosed 
semilunar valves of the left ventricle.” However, the first extensive 
study of this lesion was made by Ménckeberg in 1904.!° Interest 
in this particular condition has been revived recently by the patho- 
logic studies of Margolis, Ziellessen and Barnes” and by Christian 
who accurately described the clinical picture. Sosman and Wosika' 
outlined the roentgenologic technique for demonstration of calcified 
valves and reported 12 cases diagnosed during life. Willius and 
Camp!'* discussed 15 cases diagnosed during life. Though Black- 
ford, Bryan and Hollar! could find less than 50 cases of calcificatior 
of the aortic valve in the literature diagnosed during life, autops: 
studies indicate that this lesion is not uncommon. Clawson’ foun: 
that in 253 deaths from lesions of cardiac valves, the aortic valv: 
was calcified in 93. White and MceGinn'! state that 1.8° of routin 
autopsies and 2.3% of cardio-vascular cases show this  lesio1 
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Clawson, Noble and Lufkin® found that the aortic valve was in- 
volved in 54° of their total number of healed valve deformities. 


Material. This study is based upon autopsy protocols of 9123 consecutive 
postmortem cases from three hospitals in Saint Louis (City Hospital No. 1, 
Jewish and Barnes) and 13,000 autopsies at Johns Hopkins Hospital;* a 
total of 22,123 autopsies. We were primarily interested in those cases 
showing pure aortic stenosis without involvement of other valves or chord 
tendinese that would obviously suggest rheumatic fever as the etiologic 
agent. There were 72 such cases in this series. Only those cases showing 
at least a moderate degree of aortic stenosis were included in this study. 
\ large number of cases with isolated sclerotic plaques on the aortic valve 
leaflets were not included, since no apparent stenosis was present. In 19 
of the 72 cases, there was a co-existing arteriosclerotic involvement of the 
mitral valve, with marked calcification chiefly at the base of the valve. In 
none of these 19 cases was there any evidence of rheumatic involvement of 
the mitral valve 

In the 13,000 autopsies at Johns Hopkins Hospital there was a total of 
89 recorded cases of aortic stenosis; occurring as an isolated aortic lesion in 
24 and with combined involvement of other valves or chord# tendinee in 65. 
Those cases in which rheumatic fever was an etiologic agent almost without 
exception showed some involvement of the mitral valve. Among the rheu- 
matic fever cases only | lived to be over 40. His death at the age of 43 
raised the average age of death in this group from 22 to 24 

Analysis of the combined autopsy records, clinical histories and available 
gross and microscopic specimens of the cases of isolated aortic stenosis 


gave the following results 

I neidence Seventy-two cases in 22,123 routine autopsies (0.32; 

Sex. Sixty-five (90 of the 72 cases were males. 

Age. The average age of the group Was 60.5 years; § cases were under 50, 
10 under 40. The voungest patient in this group was 32 years of age and 
the oldest 93. 

Rheumatic History. Only 3 cases gave a definite history of acute rheuma- 
tic fever. One of these, who died at the age of 39, gave a history of acute 
rheumatic fever at ages of 23 and 25. At autopsy, the aortic valve showed 
moderate calcification, while the mitral valve was free of involvement. 
\nother patient, who had acute rheumatic fever at 16 years and died at 
34, at autopsy showed a thickened and fused aortic valve with minute 
fresh vegetations at the edges, some of which were calcified. It is felt that 
the history of rheumatic fever is unreliable—-whether taken from hospital 
records or obtained from the patient. Previous attacks are often overlooked 
ind may have been unrecognized. However, it is obvious that a positive 
rheumatic history in cases of isolated caleareous aortic stenosis is extremely 

Syphilis. Three cases had positive serologic tests, but there was no evi- 
lence recorded of luetie aortitis, grossly or microscopically. 

Blood Pressure. In the 48 Saint Louis cases with records of blood pres- 

ure the average systolic pressure was 140, diastolic 67. The systolic pres- 
ire Was over 160 in 9 cases and under 100 in 6; 5 patients had diastolic 
ressures below 60. The average pulse pressure of the group was 73. Six 
ad a pulse pressure over 100. These figures show that approximately 87 
| aortic stenosis cases will have a normal or decreased pulse pressure. 


* It so happens that the first recorded autopsy at the Johns Hopkins Hospital was 
a case of aortic stenosis combined with a vegetative and ulcerative endocarditis 

i man, 68 years of age. The bacterial nature of the acute lesion was of course not 

idied. The upper portions of the valve leaflets are described as thickened and 
irated. 
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In the Saint Louis series of 9123 cases there were 104 cases of luetic 
aortitis (an incidence of 1°,). Four cases died so soon after admission 
to the hospital that no tests could be made. Of the remaining 100 cases, 93 
had positive serologic tests; 6 were negative. In 1 case the blood Kahn 
and Wassermann tests were negative, while the spinal fluid Wassermann 
Was positive. A microscopic diagnosis of luetic aortitis was made in each 
case. Several cases, previously diagnosed as luetic aortitis with negative 
serologic tests, were found to be purely arteriosclerotic on closer examina- 
tion of the sections and were excluded. This indicates a higher incidence 
of positive blood tests in luetic aortitis than is generally reported. While 
definite cases of luetic aortitis with negative tests do occur, the diagnosis of 
luetic aortitis in the presence of a negative blood Kahn and Wassermann 
must be made with extreme caution, especially if it remains negative follow- 
ing a provocative test. 


Clinical Course. ‘The clinical picture of calcification of the aortic 
valve has been accurately described by Christian® and more recently 
by Willius and Camp.'® The typical case is that of a male over 50 
vears, with the usual history of cardiac decompensation, a to and 
fro murmur or absent second sound with a thrill over the aortic 
area, a normal or decreased pulse pressure and a negative blood 
serology. Of course, some cases do not entirely fit this picture. 
There may be few symptoms referable to the heart and the stenosis 
is usually of long duration and marked in degree before signs of 
heart failure appear. In the presence of hypertension or a marked 
aortic stenosis with retraction of the CUSDPs, the pulse pressure is 
increased. Although most of these cases terminate with the usual 
course of cardiac failure, death may occur very suddenly as de- 
scribed by Marvin and Sullivan.'* Boas* stresses the relationship 
of angina pectoris, heart block and aortic stenosis. 

The physical findings can be clearly explained by the pathologic 
process. The signs are usually those of a stenosis with slight aortic 
insufficiency, in contrast to the free regurgitation and no stenosis of 
luetic involvement of the aortic valve. The calcification in aortic 
stenosis affects the valve leaflets and the base of the valve, but 
very rarely extends on to the aortic wall, so that there is no dilata- 
tion of the aortic ring. Usually the aortic wall in the proximity of 
the valve is remarkably free from atheroma. In syphilis, the essen- 
tial lesion is a destruction of the media of the aortic wall and as 
it progresses toward the aortic ring produces dilatation and conse- 
quent signs of a free regurgitation. There is no impediment to the 
flow of blood in a luetic aortitis. 


Case Reports. Some of the difficulties encountered in diagnosis are 
illustrated in the following cases: 

Case 1.—W. D., a white male, aged 53, entered the hospital irrational 
and in a critical condition. A history of antiluetic treatment for the past 
4 years was obtained from his wife. His record showed a negative Wasser- 
mann and a 2+ Kahn test at the onset of antiluetic treatment. He was 
treated as a case of latent lues with bismuth and mixed treatment. Sero- 
logic examinations during the next 4 years were all negative and 2 spina 
punctures were negative. On admission, the heart was enlarged; thi 
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rhythm regular. There was a loud harsh systolic murmur heard over the aortic 
area. The aortic second sound could not be heard. There was a soft 
systolic murmur at the apex. No thrill was felt. There was no widening 
of the supracardiac dullness on percussion. The blood pressure was 95/72. 
There was no edema. The remainder of the examination was negative 
except for generalized arteriosclerosis. The Kahn test was negative. 
W.B.C. 12,500; R.B.C. 4,800,000; Hb. 80; urine showed moderate amount 
of albumin with an occasional cast; NPN 30; sugar 92; spinal fluid was 
normal. 

The clinical diagnosis Wis syphilis of the central nervous system and 
aortic stenosis or luetic aortitis. The patient expired 4 days later. 

At autopsy there was a marked calcified stenosis of the aortic valve. 
The other valves were normal. There was a generalized arteriosclerosis. 
There was no evidence of luetice aortitis. 

The picture that this patient presented Was typical of a caleareous aortic 
stenosis. 

CASE K. G., a white female, aged 54, entered the hospital complain- 
ing of generalized weakness, dyspnea, and precordial pain. She had been 
in the hospital 1 year previously and had been diagnosed as a case of luetic 
aortitis. The essential physical findings were: irregular pupils which re- 
acted sluggishly to light; moist rales in bases of the lungs and slight peri- 
pheral edema; the heart was enlarged. A to and fro murmur was heard 
over the aortic area and a soft systolic murmur at the apex. The blood 
pressure was 200/60 and a generalized arteriosclerosis was present, The 
Kahn and Wassermann reactions were 4+ positive. NPN 19; sugar 77; 
W.B.C. 7200; R.B.C. 3,200,000; Hb. 70°, ; urine was normal. The electro- 
cardiogram showed evidence of myocardial lesions or digitalis effect with 
ventricular extrasystoles 

The clinical diagnosis was luetic aortitis with aortic regurgitation. She 
was digitalized with slight temporary improvement and expired 3 weeks 
later. 

At autopsy there was no evidence of a luetic aortitis, either grossly or 
microscopically. The aortic valve showed marked calcification involving 
the entire aortic ring. The other valves were remarkably free from involve- 
ment. There was a generalized arteriosclerosis. 

Case 3.—A. F., a white male, aged 49, entered the hospital complaining 
of dyspnea, precordial pain and edema of 3 months’ duration. On examina- 
tion, the heart was enlarged and there was a loud harsh systolic murmur 
and a soft diastolic murmur heard over the aortic area and a soft systolic 
murmur over the mitral area. The blood pressure was 180/65. There was a 
peripheral edema. The Kahn reaction was negative. Urine showed 
moderate albumin. W.B.C. 10,600; R.B.C. 4,700,000; Hb. 80; NPN 31; 
sugar 92. The electrocardiogram showed auricular fibrillation and ven- 
tricular extrasystoles. 

The clinical diagnosis was luetic heart disease with aortic regurgitation 
and decompensation. 

At autopsy there was no evidence of a luetic aortitis, either grossly or 
microscopically, The aortic valve showed marked calcification and stenosis. 
There was also a generalized arteriosclerosis. 


Etiology. ‘There has been considerable controversy regarding 
the etiology of isolated aortic stenosis and the question is still far 
from settled. Various workers believe that it is the result of an 
inflammatory involvement of the valve, such as rheumatic fever 
or bacterial endocarditis; others maintain that the lesion is purely 
non-inflammatory —the result of a degenerative metabolic process. 
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Others believe that either or both causes may be active, while still 
others hold that the etiology of the lesion is entirely unknown. 
Monckeberg,'® in 1904, studying aortic valves in which there was 
extensive calcification, decided that the process in the cusps was 
the same as that found in the intima of the aorta in senile arterio- 
sclerosis. Margolis, Ziellessen and Barnes” and Clawson, Bell and 
Hartzell® believe that some of these cases represent a non-inflamma- 
tory degenerative process. Clawson,’ in an analysis of Ménckeberg’s 
work, stated that there was no support for the metabolic theory 
of the structural changes in these valves and he thought that an 
infectious basis was more probable. Christian® and Clawson, 
Noble and Lufkin® believe that rheumatic fever is the cause. Cabot? 
suggests that the lesion may follow bacterial endocarditis. Mallory! 
believes that this lesion is rarely rheumatic in origin. 

The question of etiology is obviously difficult: for instance, most 
of the cases as seen at autopsy present the final stages of a process 
without any clue as to its origin. The variance of opinion among 
experienced authors about this question would suggest that no one 
factor is the sole etiologic agent for the entire group. There are 
good arguments for and against each of the various theories proposed. 

In acute rheumatic fever the involved valve becomes swollen and 
thickened and small bead-like vegetations form along the line of 
contact of the valve. Boyd* stresses that the essential valvular 
lesion in acute rheumatic fever is an inflammation of the entire 
valve, a valvulitis, and that the vegetations are to be regarded as 
merely incidental: there are Aschoff bodies and an increased number 
of fibroblasts; the chord tendinew and wall of the auricles are 
often affected. In the healing stages, fibrous tissue forms to pro- 
duce dense scar tissue. In later vears, lime salts may be deposited 
to produce calcification or even true bone. Boyd? also states that 
in every case of rheumatic carditis, the mitral valve is injured. 

The main lesion in the healed rheumatic valve is fibrosis. If 
there is a co-existing involvement of the mitral valve with thickening 
and fibrosis, or involvement of the chord tendinew, the etiology is 
rheumatic. In an isolated aortic lesion, with a normal mitral valve, 
fibrosis and thickening of the edges of the cusps, indicate that the 
etiology is probably rheumatic. On the other hand, if the valve 
shows a sclerotic base with calcified nodules scattered over the 
valve and the remainder of it is thin and not fibrosed, the lesion is 
probably arteriosclerotic. White!’ states that when the entire 
valve is calcified with retraction and marked stenosis, Ménckeberg’'s 
sclerosis alone is not to blame, but rather a combination of the old 
infectious process and superimposed calcification. 

The occurrence of a calcareous lesion in the aortic valve alone, 
without involvement of the other valves is important but not con- 
clusive evidence against a rheumatic etiology, because the proven 
rheumatic aortic lesion usually has associated mitral damage 
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Further evidence against a rheumatic etiology is the large incidence 
among males and the advanced age at death (90° males and average 
age of 60 years in our series). White!’ states that rheumatic fever 
affects females more commonly than males in the ratio of about 
5to4or4to5. 

Aortic stenosis of rheumatic origin, however, becomes calcified 
relatively early, and only a few cases are seen at autopsy with a 
pure fibrotic lesion. ‘The stenosed rheumatic mitral valve consists 
of a thickened fibrous hyalinized mass and calcification is unusual 
except in very old individuals. It seems strange that the course of 
this lesion in the two valves in such close proximity is so different. 
Another interesting observation is that in most of the cases of cal- 
cified aortic stenosis the proximal portion of the aorta is relatively 
free of atheroma. 

In valvular arteriosclerosis of the atherosclerotic type, subendo- 
thelial fatty deposits and fibrosis precede deposition of lime salts. 
The process can affect any portion of the valve, but is more common 
at the base of the valve. The earliest example of this process was 
seen in a recent autopsy, In which there was a small lesion on one of 
the aortic cusps. The mitral valve was entirely normal as were the 
other two aortic cusps. The lesion was located near the base of the 
valve, about 5 mm. in diameter on the aortic side, was well localized 
and showed early calcification. The remainder of the valve was 
smooth, thin and entirely normal. The aorta showed marked 
arteriosclerosis. This lesion certainly appeared degenerative and 
it Is highly improbable that it could be the result of an inflammatory 
process. Progression of the lesion and the formation of similar 
areas on the other aortic cusps would in time undoubtedly produce 
a ty pical calcified aortic stenosis. While there is usually an accom- 
panying arteriosclerosis of the aorta, this is by no means constant. 

There seems to be relatively little in the literature regarding the 
rare arteriosclerotic involvement of the mitral valve. It seems 
fairly definite that this process affects primarily the base of the 
valve with degeneration and later calcareous deposits. This pro- 
duces a calcified bar around the base of the valve, leaving its edges 
remarkably free. It is unusual for the process to become so exten- 
sive that the entire valve leaflets of the mitral valve are involved 
by these calcareous deposits, except in very old patients. The 
sume process usually extends on to the aortic valve which lies in close 
proximity. 

An uncomplicated luetic aortic valvulitis is usually accompanied 
by luetic aortitis and rarely calcifies. However, neither of these 
criteria always maintains. 

So it would appear that no one etiologic factor is responsible for 
all cases of calcification of the aortic valves. Sometimes the lesion 
s inflammatory, sometimes degenerative and in still other cases both 
processes are probably present. Careful examination of the affected 
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valve and the appearance of the other valves, particularly the mitral, 
will often indicate the probable etiology. In cases of isolated aortic 
stenosis, arteriosclerosis is usually the cause. However, it is often 
impossible to determine the etiology in a far-advanced aortic stenosis. 

Diagnosis. The clinical diagnosis of calcareous aortic stenosis 
should not be difficult if the condition is kept in mind. ‘The various 
characteristics of the clinical course have been discussed, which are 
primarily the signs of an aortic stenosis with slight regurgitation in 
an old person with a negative serology. A valuable aid in the diag- 
nosis of this lesion is the Roentgen ray, according to the technique 
described by Sosman and Wosika.'® They were able to diagnose a 
large percentage of these cases by the use of the fluoroscope and 
Roentgen ray films. This method of examination has been of definite 
value, if there is a fair degree of calcification present. Fluoroscopic 
examination, showing the characteristic movements of the calcified 
valve with each heart beat, is more reliable than the Roentgen ray 
films. It must be remembered that a special technique is necessary 
to visualize these valves on a film, since the ordinary routine 
Roentgen ray of the heart will not show calcification within the heart. 

Luetic aortitis frequently enters into the differential diagnosis. 
If the classical signs of both lesions are carefully considered, the 
diagnosis should not be difficult. However, in some cases (such as 
those presented) the diagnosis may be very difficult, particularly 
if serologic tests are positive and the pulse pressure is elevated. At 
present there is a general tendency to diagnose luetic aortitis rather 
freely, regardless of the blood serologic tests. The diagnosis of a 
luetic aortitis with negative serologic tests should be made with 
great caution, for it entails a tedious and expensive treatment and 
offers an entirely different prognosis. If there are signs of an aortic 
regurgitation and the blood serologic tests are negative. the possi- 
bility of an aortic stenosis must be carefully considered. The fre- 
quent teaching that a to and fro murmur over the aortic area, in the 
absence of mitral involvement, is invariably syphilitic is certainly 
not true. 

Conclusions. 1. Isolated calcareous aortic stenosis has a charac- 
teristic clinical and pathologic picture. 

2. A study of 72 cases of isolated aortic stenosis found in 22,125 
consecutive postmortem examinations is presented. 

3. There were 104 cases of luetic aortitis in 9123 autopsies in the 
Saint Louis group. 

4. The etiology of calcareous aortic stenosis seems impossible to 
decide with certainty. It is believed that in isolated aortic valve 
involvement, arteriosclerosis is the usual cause, but it can also result 
from an inflammatory process and in some cases from both. 

5. The diagnosis can be made in most cases if the clinical char- 
acteristics and the possibility of a calcareous aortic lesion are kept 
in mind. The fluoroscopic and Roentgen ray methods of examina- 
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tion of the heart valves are of definite value and should be more 
commonly utilized. 


We are grateful to Dr. W. G. MacCallum of Johns Hopkins University, Dr. 8. H 
Gray of St. Louis City Hospital and Jewish Hospital, Dr. H. A. MeCordock of Barnes 
Hospital and Dr. P. A. Wheeler of St. Louis City Hospital for permission to use the 
data on the cases from their respective pathological departments. 
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From the Department of Pathology, School of Medicine, University of 
Pennsylvania.) 

(CONGENITAL absence of one or other coronary artery appears to he 
a very rare anomaly in man. Especially is this so when it satisfies 
Hyrtl’s postulate that one artery really supplies the whole heart, 
and the anomaly is not merely a matter of a common aortic orifice 
of the two arteries or an unusual origin of one of the other artery 
(/. ¢., a misplaced anlage). Slightly misplaced or accessory coron- 
ary orifices are not uncommon (see Richter"). One of us® has 
already reported a case where, associated with idiopathic cardiac 
hypertrophy (von Gierke’s disease’), the left coronary artery arose 
from the pulmonary artery without noticeable damage to the left 
ventricle. The variability of coronary artery distribution is well 
shown in the article by Ehrich, de la Chapelle and Cohn.‘ 

We wish to record 2 cases of congenital absence of a coronary 
artery, both incidental findings at autopsy, in one of which the left 
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coronary artery and its branches supply the whole heart, while in 
the other a large right coronary early in its course gives off a branch 
which passes behind the aorta, past the usual site of origin of a left 
coronary, and is distributed to part of the left ventricle. As study 
of the literature indicates that these 2 cases are characteristic of 
the two chief varieties of absence of a coronary artery in man, a 
classification has been attempted. 


Case 1.—(P. G. H. Aut. 34,791.) A small, obese woman, aged 44, died 
of a pulmonary embolism. Previous to her last illness there were no signs 
of cardiac weakness observed. No history of cardiac anomalies in the 
family was elicited. Autopsy (Dr. W. E. Ehrich), in addition to the pul- 
monary embolism, revealed an enlarged heart (400 gm.) and a chronically 
thickened mitral valve. 

Coronary Artery System.* The right coronary artery is completely 
absent. There is no sign of an orifice in the pulmonary or high in the aorta 
or in the right anterior sinus of Valsalva. A large left coronary, showing 
a moderate degree of sclerosis, arises from its normal site in the left sinus of 
Valsalva. Its circumflex portion follows a normal course in the coronary 
sulcus, but continues all the way around the right ventricle to a point 
within 1.5 em. of the aorta, where it divides into small terminal branches 
It gives off the normal anterior descending branch and one in the posterior 
interventricular septum, similar to that normally arising in this position 
from the right coronary. The anterior descending can be opened to the 
very apex where it is lost in fat (7. e., somewhat further than normal 
(Fig. 1). No abnormal branches are found. Sections from the right ven- 
tricle show normal musculature, with no signs of degenerative or inflam- 
matory change. There is some penetration of pericardial fat between the 
myocardial bundles. 

Case 2.—(P. G. H. Aut. 35,147.) An emaciated negress, aged 35, died 
of carcinoma of the uterus with widespread metastases. There were no 
clinical indications of a deficient circulation and no history of cardiac 
anomaly in the family was obtained. Autopsy (Dr. W. E. Ehrich), in 
addition to the carcinomatosis, revealed absence of the left coronary artery, 
otherwise a normal heart (285 gm.), a practically normal aorta, and throm- 
bosis of the left iliac vein. 

Coronary Artery System. A very large right coronary artery (1 em. in 
circumference) arises from the right anterior sinus of Valsalva and no 
vestige of a left coronary artery can be found. As the right coronary is 
traced, it is found to give off—2 em. from its origin—a branch (4 to 5 mm 
in circumference) which courses posterior to the aorta and between it and 
the left auricular appendage. It can be traced to the base of the left 
ventricle, where it gives off branches that supply a major part of the left 
ventricle (and presumably, the left auricle). The right coronary artery 
also gives off a moderate-sized branch, 2 mm. from its orifice, which dis- 
appears into the septum, but does not reappear. as in Bochdalek’s and 
Sanes’ cases (to be mentioned later). These branches thus constitute a 
partial substitute for the missing left coronary. The main artery follows 
its normal course in the A-—V groove, giving off several large branches 
(Fig. 1), and ending in several terminal twigs on the posterior surface of 


* As both hearts here described were opened routinely, the anomalies being un 
expected findings of the postmortem examination, injection preparations were not 
feasible. The anomalous arrangement and distribution, however, could be readily 
made out in each case by exploration with forceps and fine scissors 
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the left ventricle, shortly after passing the interventricular septum. The 
branch that most closely corresponds to the posterior descending arises at 
the right border, passing horizontally across the posterior surface until it 
reaches a point above the interventricular septum, when it turns and 


Left ventricle Right ventricle Left ventricle 


Fight coronary artery Left coronary artery 
T TTTT 


| 


| 
/ 


Posterior Acute(right) Anterior Obtuse(/eft) Posterior 


surface margin surface margin surface (Teft) 

hig. 1. A, Diagram showing average distribution (after injection with barium- 
gelatin mixture) of the superficial coronary arterial system (from Ehrich, dela 
(hapelle and Cohn). B, Distribution of left coronary and branches in Case 1 
ibsent right coronary artery). C, Distribution in Case 2 of right coronary and 
ranches (absent left coronary artery). Note: The large septal branch arising close to 


he aortic orifice has not been drawn, as these diagrams represent the superficial only. 
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courses along the septum at least as far as the apex. Sections from vari- 
ous parts of the heart, including the base of the left ventricle, show some 
increase of fine periarterial fibrosis, equally throughout the heart 


Comment. ‘These cases have been assembled with those found 
in the literature into three tables: Table 1, cases of absent right 
coronary artery, all of which comply with Hyrtl’s concept; Table 2, 
cases of absent left coronary artery, where the left heart is supplied 
by one or two apparent branches of the right coronary; Table 53, 
miscellaneous unclassified cases. Our Case 1 appears to satisfy 
Hyrtl’s postulate that one artery should supply the whole heart, 


TABLE 1 Cases OF ABSENCE OF RIGHT CORONARY ARTERY.* 


Remaining artery supplies both sides of heart, with normal or almost normal dis 
tribution of branches (Hyrtl type 


Miss- W f 
Author ing Age, Sex Method of compensati Cause of heart 
cor yr leath 
Plaut (1922 R L. (left) cor. traverses entire cor. suleus with a nor- Endocardit 
mal ant. al anches ar it R 
and I r hear 11a ora fr 
r R. V.t art border; r 
represented by rownish dimple aorta 
is with t ance 
Petren (1930 R 33 M. Half way down ant. surf. of heart, ant. des irves Apoplexy 52 
around R. V. and upward to post. furrow; L. cir 
mflex contin well | nd p furrow with- 
l em. of aorta ra es to both ve and 
ends in 2 sma ra R. A. and 
Kockel R 39 Ik L. circumflex continues around to ant. surf. of R. V. Pneumonia 
1934-1935 with various branches to R. A. and R. V., as well as 
tomary ranc} 
Lichter R 63 M. L. cor. arises 2 cm. above sinus; its circumflex con- Ca. of stom 
Case 1 tinues around R. \V. t nus pul. with appropria 4 t 
1937 branches 
Krumbhaar R $4 I I reumflex bra ] r. cor es ar 1 Chr. valvular 40) 
and Ehrich R. V. to within 1.5 em. of the aorta; its branches disease; pul- 
(Case 1 correspond to those normally given off by both R monary em 
and L. arteries 1a ranches f list 
* In none of the cases listed in this and the succeeding table was myocardial weakness attributed to the anoma 
lous arterial supply. Early reported cases, such as Thebesius’ (1716), Otto's (1830), Hyrtl's (1841), are regarded 


as too indefinite to be tabulated 


without conspicuous anomalous branches. Here there is no question 
of a misplaced anlage, or of an anomalous vessel that might be 
regarded as an abortive right artery. The large branches that 
normally come from the right here arise from the left coronary. 
Thus it falls in the same group as Petren’s,'® Kockel’s,’ Richter’s 
first case and Plaut’s (though here a small dimple apparently 
represented the anlage of the missing vessel). It is perhaps not a 
coincidence that in all of these cases it was the right coronary arter) 
that was missing, though we know of no explanation for such a 
correlation. 

The nature of the compensatory arrangement of the cases in 


Table 2 is debatable. In our Case 2, for example, although the 


Fic. 2.—Case 1 1, Showing a large single orifice in the left sinus of Valsalwa. 
B \ superoposterior view of the heart showing the opened single left coronary artery 
is still a large vessel on the posterior surface of the right ventricle 
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Fig. 3.—Case 2. A, Showing a large single orifice in the right sinus of Valsalva 
(when the heart was opened in this case, the septal cut was made further to the right 
on the anterior wall than in Case 1 B, A superior view of the heart showing the 


opened anomalous branch (marked with arrows) arising Trom the right coronary, 
passing between the aorta and left auricular ippendage to be distributed to the 


upper left ventricle. 
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anomalous branch that fed the basal part of the left ventricle; 
arose well down the right coronary and thus several centimeters 
from the normal site of origin of the left coronary, it eventually 
followed the course of a hypoplastic left coronary and might be 
regarded as a left coronary, arising from a badly misplaced anlage. 
‘l’o the writers it seems more probable that Case 2, like the others 


TABLE 2.— Cases OF ABSENCE OF Lepr CORONARY ARTERY.* 
The left side of the heart is supplied by 1 or 2 large, more or less abnormal, vessels 
that appear to be hypertrophied branches of the right coronary but suggest the 
possibility of misplaced anlage of origin 


M Wt. of 
Author ng Age Ser Method of compensatiot Cause of heart 
r r atl cm 
Group Substituta Right Coronary: a Se} B 1 One Pas sing 
Sehind A 1 
B lalek I ti I I r. divid 1 ranche he fir fw Chr. mitra 
IS67 Ws norma irse of the se and aort 
whind a ibs for L. cor; the thir i endocard 
wetwe a 4 and ir hrough 
for a Ie 
Sa 137 I M. Large art. a i | nus (a dimy adjace Acute glomer 
hor ranch arved |} phrit 
An anoma L., passing between A iL. A 
r rres ling to a I x 
a branct nto the sept. between A. and 
art i irt ke a le 
Krumbhaar J Arising from large R. cor. (2 cm. from aorta), a large Carcinomato- 285 
and Ehrich anomalous branch (4 to 5 mm. in diam.) passes 
( ase behind aorta and between it and L. aur append 
ace to feed upper half of L. V.; another large branct 
passes between aorta and pul. art. to V. sept.; th 
main art ntinues in A~V groove past intervent 
sept. post. where it ends in several small branches 
(it P< Substitution by Septal Branch On / 
Gallavardi ] 4 | les almost at orifice into 2 equal branct Chr. a 
4 Ravau la as K., the other as I r., with circumflex and aort 
192 i 4 i ranches; the left branch, however locarditis 
Passe etwer BOrta 1] i}. art 
Born (19 I 4 M. A nor. R. cor. goes in cor. sulcus to L. border of 750 
case branct ir near aortic orifice, goe 
aorta and pul. art. i vent. s¢ reach 
st. sulcus where it divides into an ant. desc. and a 
reumflex branct 
Kintner I 65 M. From a single orifice in R. sinus a large R. cor. pur- Pneumonia 
1931 sues a normal course; an anomalous branch passes and renal 
between aorta and pul. art.downandto L. reaching insufficiency 
sept., where it curves ant. and just before reaching 
the surf ves off branches corresponding to ant 
and L. circumflex 
* The question as to whether these cases represent true absence of an artery or misplaced anlage is discussed 
n the text. 


in Table 2, represents a true absence of the left coronary and that 
the substitute was a true branch of the right coronary, hypertrophied 
to meet the demand caused by the absent left coronary. Especially 
does this seem probable in the 3 cases of this group in which two 
separate branches of the right coronary substitute for the missing 
vessel. In any case, however, it is clear that none of the hearts in 
lables 2 and 3 satisfies Hyrtl’s postulate. For various reasons, these 
cases are difficult to evaluate. For instance, we have no definite way 
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of deciding whether a given anomalous vessel merely arises from a 
misplaced origin, or whether it is a branch developed to take the 
place of the missing vessel and distributed more or less in the same 
way. The dimple adjacent to the single coronary orifice in Sanes’ 
case suggests that this, as in Plaut’s case, represents a missing 
anlage and that the entire coronary system in these cases has arisen 
from one anlage. This phase of the subject need not be further 
elaborated here. 


TABLE 3.— MISCELLANEOUS UNCLASSIFIED CASES OF ABSENT CORONARY ARTERY. 


Miss- Wt 
Author. ing Age Sex Method of compensation Cause of heart 
cor yrs leath 
Engelmann R Large L. circumflex passes far onto post. surf. of R 
1898 V.; 1 em. below beginning of normal ant. desc. a 


very large anomalous vessel passes obliquely 
lower half of R. V. to divide in terminal branches 
post. surf. of R. V.; a smal! vessel arises from I r 
to pass between aorta and pul. art. to in 
R. auric. appendage supplying post. R. \ 


Smith and L 46 M. The only cor. arising from aorta follows normal course Coronary 
Graber of R. cor. to post. vent. sept.; he it divid 
1926 into a larger desc. branch and a smaller branct 


which continued in A~V groove; post. dese. branct 
after reaching apex passed upward along ant. inter- 
vent. groove to anast. with a branch from first por 
tion of main art.; the combination anastomosing 
also with a branch from post. desc.* 


Richter R Adult ..  L. cor. divides into 3 branches: 1, ant. desc. wh 


Case 2) continues 5 cm. past the apex on post. wall; 2, a 
(1937) small L. circumflex, finishing behind L. auric. ay 
pendage; 3, a large branch, that go er 


pul. to cor. furrow of R. V.; two of its bran 
ply post. surf. of R. and L. Vs 


* The anomalous arterial supply of the left ventricle in this case is apparently unique in the literature. D 
tion is not sufficiently detailed to carry intrinsic proof of what appears to be an improbable explanat 


The cases of Bochdalek! and Sanes® comes closest to our second 
case, in that both, having but one coronary orifice, present anoma- 
lous branches of the right coronary, one of which passes behind the 
aorta and then between it and the left auricle to the left ventricle; 
while another passes into the ventricular septum. In these cases, 
however, the septal branch was more important than in our case, 
reappearing after its passage through the septum on the surface of 
the ventricle, which ours did not. 

In the cases of Born,? Kintner,’ and Gallavardin and Ravault, 
on the other hand, substitution is accomplished by one anomalous 
branch of the right coronary, which, either sinking into the septum 
(Born) or passing between aorta and pulmonary artery (the other 2), 
appears on the anterior surface to give rise to a left circumflex and 
an anterior descending artery. As to the question whether these 
cases should be regarded as examples of anomalous origin of the left 
coronary or of its true absence, the division of the main artery into 
right and left branches almost at the aorta would favor the former 
view; the markedly anomalous and differing courses, the latter view. 
Though Kintner and Sanes regarded their cases as representing an 
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anomalous left coronary, there was but one orifice and the distribu- 
tion was anomalous. ‘The descriptions clearly place both in our 
Table 2. 

The cases of Engelmann,’ Smith and Graber,'!’ and Richter 
(Case 2) have been assembled in a miscellaneous group that resists 
classification. Such cases as those of Kugel,'? de Vries,!* Shapiro,"* 
Monckeberg" and Walcher'’ are not considered here, both because 
of inadequate description in some cases and because they all were 
associated with other grave cardiac anomalies. No other clear cases 
of absent coronary artery have been found by us in the literature. 

The pathogenesis of these anomalies cannot yet be explained. 
Some authors have attributed the absence of one of the arteries to 
lack of the appropriate anlage, as the Plaut and Sanes dimples 
would suggest; others (with less probability) to closure of the vessel 
in question in fetal life. The possibility of the anomaly being due 
to a misplaced origin of one of the coronaries in some of the cases 
has already been mentioned. 

Summary. 1. ‘Iwo cases of absence of a coronary artery are 
reported, both incidental findings at autopsy, and apparently caus- 
ing no damage to the myocardium. 

2. In the first case, a large left coronary continued around the 
A-V groove, to the anterior surface of the right ventricle, giving off 
branches that corresponded to those normally given off by both 
arteries (Hy rtl type of absent coronary ). 

3. In the second case, a large right coronary artery supplied most 
of the heart with conventional branches. Near its origin, however, 
it gave off one large anomalous branch which passed behind the 
aorta to supply a good part of the left ventricle and another to the 
ventricular septum. The possibility must be considered that the 
former of these represents a true left coronary arising from a mis- 
placed anlage, though the similar cases of Bochdalek and Sanes 
makes this very unlikely. 

t. Other cases of absence of a coronary artery, or possibly mis- 
placed anlage of origin, are tabulated, all but 3 of which fall into two 
groups corresponding to the types of the 2 cases reported here. 
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THE ANEMIA OF ALCOHOL ADDICTS. 
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NUTRITIONAL FACTORS AND ALCOHOL ON ITS PRODUCTION. 
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ASSISTANT IN MEDICINE, NEW YORK UNIVERSITY COLLEGE OF MEDICINE: CLINICAI 
ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 


AND 
NorRMAN JOLLIFFE, M.D., 
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(From the Departments of Medicine and Psychiatry, New York University College 
of Medicine, and the Psychiatric Medical Service of the Third (New York 
University) Medical Division, Bellevue Hospital 

RECENT studies from this clinic on the polyneuritis of the alcohol 
addict®: 5" have made us aware of the frequent occurrence of macro- 
cytosis and macrocytic anemia in these patients. Spies and Chinn," 
in a study of pellagrins, most of whom were alcohol addicts, found 
quantitative anemia in about two-thirds of their subjects. In 75°, 
of these, the anemia was of the macrocytic hyperchromic variety. 
Several observers have called attention to the frequent occurrence 
of macrocytic anemia in subjects having cirrhosis of the liver; 
Wintrobe'™ reported the incidence to be about 40°% in 44 subjects, 
while Rosenberg and Walters" reported macrocytosis in about 90% 
of their 48 patients, 31 of whom were known alcohol addicts. Macro- 
cytic anemia, therefore, is frequently observed in 3 syndromes 
common in alcohol addicts: polyneuritis, pellagra and liver cirrhosis. 
As data are not available concerning quantitative measurements of 
the red blood cells in alcohol addicts, we are unable to determine 
whether the high incidence of macrocytosis is characteristic onl) 
of polyneuritis, pellagra and liver cirrhosis, or possibly of an under- 
lying liver disease, or of alcohol addiction itself; or whether some 
other factor plays the decisive rdle. To decide this point, if possible, 
is the purpose of the present study. 

The subjects in this study are 159 alcohol addicts admitted to the 
wards of the Psychiatric Division of Bellevue Hospital who pre- 
sented evidence of polyneuritis (159), pellagra (40), “alcoholic” 
encephalopathy! (24), liver cirrhosis (30), and “alcoholic” stoma- 
titis? (48), and were therefore transferred to the division’s medical 
service. Many of the subjects presented two or more of these 
syndromes simultaneously. This group of 159 patients is hereafter, 
for convenience, referred to as the “complicated” group. Patients 
having surgical complications, acute infections, syphilis, or tuber- 
culosis, are not included in this group. An additional group of 25 
alcohol addicts who showed none of the above clinical pictures 01 
other stigmata of alcohol addiction were selected for control observa 
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tions. Each subject in this group had had two or more previous 
admissions within a year to the alcoholic wards. This latter group 
is hereafter, for convenience, referred to as the “uncomplicated” 
group. 

During the first 3 to 5 days of hospitalization, while the blood 
studies and routine observations were carried out, all the patients 
received our ward basal diet.* Following these observations, therapy 
was instituted. This report, however, deals only with the blood 
status as found during the preliminary period of observation. 

Methods. In the first 61 subjects, Haden’s* constants, corrected 
for our laboratory, were determined. The corrected values were 
obtained by determinations in 20 apparently normal subjects. In 
the remaining 128 subjects Wintrobe’s'** methods were followed. 
In order to tabulate and average the size of the red cells, the maxi- 
mum normal size of each method is designated as 10067. The size 
of the red blood cells is therefore reported in per cent of the maximum 
normal size. 

Arbitrarily we have chosen the following Values as normal: 

Red blood cells: 5,000,000 lOc, 


Hemoglobin: 14.5 gm. per 100 ce. lOc; 

Color index: 0.85 to 1.15. 

Volume index: 0.85 to 1.15 (1.15 Loe; 

Mean corpuscular volume: 75 to 95 cu. (95 cu. 1007). 


The anemia found is classified according to size and color index 
of the red cells. Following Wintrobe’s! criteria and classification, 
our subjects showing anemia are divided into four groups: macro- 
cytic, normocytic, simple microcytic, and microcytic hypochromic 
anemia. 

Gastric analyses and liver function studies were performed by 
methods described in previous publications from this clinic. 7 


TABLE 1 QUANTITATIVE Data ON THE RED BLoop CELLS or 184 ALCOHOL ADDICTS 


Size of RBC in 


RBC inn ns Heb. in grams Color index of max. norma! 
Group f Variatior Variatior Variation Variation 
Mear Mear Mear Mean 

Min. Max Min. Max Min. Max Min. Max. 

Uncomplicated 25 481 4.19 5.48 13.5 11.1 15.4 0.98 0.91 1.15) 102 68 120 
Complicated 159 $80 1.64 5.95 12.1 4.7 18.2 1.11 0.70 1.48 101 61 175 
No anemia 62 £58 4005.95 13.9 8.6 18.2 1.04 0.72 1.37: 101 80 =120 
Anemia 07 3.19 1.64 3.97 10 4.7 14.6 1.15 0.70 1.48 101 61 175 


Results. We have arbitrarily designated subjects having 4 mil- 
lion or more red cells as not anemic, and all subjects having less 
than this number as having anemia. On this basis none of the 
“uncomplicated” subjects, and 61° of the “complicated” subjects 
show anemia. In Table 1 we have tabulated in the two major 
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groups the average, as well as the minimum and maximum, red 
blood cell count, grams of hemoglobin, color index, and size of the 
red cells; the “complicated” group was further subdivided into 
those with and without anemia. The average size of the red cells in 
the two major groups is practically identical, corresponding to about 
96 cu. w; the color index in the “complicated” group, however, 
averaged 1.11, which is significantly greater than the average of 
0.98 in the “uncomplicated” group, and represents definite hyper- 
chromia. In Table 2 we have classified the red cells as simple micro- 
eytic, hypochromic microcytic, normocytic, and macrocytic in type. 
The incidence of macrocytosis in both the “uncomplicated” and 
“complicated” group was about 50°. When, however, the ‘‘com- 
plicated” group is divided into those with and without anemia, 
the incidence of macrocytosis is higher in the anemic group. Further 
examination of the anemic group reveals that the incidence and the 
degree of macrocytosis, as well as the degree of hyperchromia, vary 
directly with the degree of anemia. The incidence of macrocytosis 
in the “complicated” group without anemia is, however, somewhat 
lower than in the “uncomplicated” group, apparently due to a higher 
incidence of simple microcytosis in the former group. 

TABLE 2.—INCIDENCE OF THE Various Types oF Rep BLoop CELLS IN 184 ALco- 

HOL ApDICTS 


Hy pochromic Simple 
microcevth microcy tit Normocy tit Macroevtic 
No. of 

Group. subjects No No No No. X 
Uncomplicated 25 0 2 8 0 11 14 0 12 18.0 
Complicated 159 2 1.3 12 7.5 60 387.7 85 53.4 
No anemia 62 | 16 10 16 1 29 16.7 22 35.4 
Anemia 97 l 1 0 2 2.0 31 32.0 63 65 0 


TABLE 3.—DaTAa ON THE Group oF ALCOHOL ADDICTS 


Per cent 
Mean of Hy; 

No. of chromic Simple 
sub- Anemic, Color Size micro- micro- Normo- Macio 
Group. jects. index R.B.« cyt evtic, 
Polyneuritis 69 52.1 1.15 100.6 S 6 10.5 50.7 
Stomatitis 48 75.0 115 102.1 +1 35.4 60 4 
Pellagra 10 65.0 32 96.5 2.5 5.0 425 50.0 
Cirrhosis 30 70.0 1.10 99 0 2:3 16.5 26.4 52.8 
Encephalopathy 24 58.3 1.06 102.2 83 29.1 62.5 
Total patients 159 61.0 101.0 7.6 63.4 


In Table 3 the “complicated” group is divided into the various 
listed diseases.* In each disease we have tabulated the frequency 
of anemia, mean color index, mean size of the erythrocytes, and the 
incidence of the various types of erythrocytes classified as to size. 


* As 85% of the ‘‘complicated”’ group had polyneuritis, we include in the poly- 
neuritic group only subjects having polyneuritis without other stated complications 
In the other sub-groups listed in Table 3, subjects are included irrespective of the 
presence or absence of another listed disease 
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The incidence of quantitative anemia in the listed diseases varies 
from 52.1% in the subjects having only polyneuritis to 75% in the 
subjects having stomatitis. The average size of the red cells in the 
whole “complicated” group is slightly greater than normal, corre- 
sponding to 96 or 97 cu. uw. This is also true for the various sub- 
groups except the pellagrins and cirrhotics whose red cells average 
slightly below the upper limits of normal, corresponding to 92 and 
94 Cu. w., respectively. The averages of the color indices in all five 
sub-groups show hyperchromia. The incidence of macrocytosis 
varies from 50° in the pellagrins to 62.5 in the “‘encephalopaths.”’ 
The combined incidence of normocytosis and macrocytosis Is greater 
than 90¢% in all groups except in that having cirrhosis, where this 
figure totals 79.267. It is in this cirrhotic group that microcytosis 
was most frequently present, occurring apparently at the expense 
of normocytosis; this finding we ascribe to the higher incidence of 
gastro-intestinal bleeding in this group. 

Achlorhydria was found but once in the 25 “uncomplicated” 
subjects. In the “complicated” group achlorhydria was present in 
48.7 of the 119 subjects tested. Joffe and Jolliffe® reported in 
detail on 105 of these subjects in their study of gastric acidity in 
alcohol addicts. The additional 14 subjects in no way alter the 
findings in that study. There is no apparent relationship between 
achlorhydria and macrocytosis in these “complicated” alcohol 
addicts, as macrocytosis occurred in 43°, of those having achlor- 
hydria and in 52°; of those having free acid. There was also no 
apparent relationship between the degree of anemia and achlor- 
hydria, as those having achlorhydria had an average erythrocyte 
count of 3,830,000, while those having free acid had an average 
count of 3,600,000 red cells. 

In this study, we have arbitrarily selected the degree of bromsul- 
phalein retention at the end of 30 minutes as an index of liver dys- 
function. None of the subjects in the “‘uncomplicated’”’ group 
showed a retention of the dve as great as 25°; average 9%. In the 
“complicated” group 48 of the 99 subjects tested showed a dye 
retention of 25°% or more; average 30°. Macrocytosis occurred 
in 52° of the group showing a dye retention of 25° or more, as 
compared with a 5S8°% incidence of macrocytosis in those having 
a dye retention of less than 25%. 

In this study, our criteria for the diagnosis of cirrhosis of the 
liver require that the ascites cannot be explained on another basis 
and that visible lateral abdominal veins be present. Our cirrhotic 
group thus includes only those having liver failure. We have, 
therefore, considered separately those subjects having and not 
having an enlarged liver. In the ‘‘complicated” group 54% had 
an enlarged liver, 47.1% of whom had macrocytosis; however, 61% 
of the “complicated” group whose liver was not enlarged also showed 
Inacrocy tosis. 
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In the blood smear examination the outstanding finding was the 
lack of unusual qualitative changes, except occasionally in subjects 
having a considerable anemia. "The red cells as a rule were of uni- 
form size, and if no quantitative measurements had been done one 
would not as a rule have called the cells macrocytic. There was a 
notable lack of anisocytosis, and evidence of regenerative changes 
was rare. The cells did appear in most instances to be well filled 
with hemoglobin. 

Discussion. It has been shown in this study that anemia is not 
likely to be found in “uncomplicated” alcohol addicts, but was 
present in 61° % of 159 alcohol addicts having the various named 
diseases. Macrocytosis of some degree, however, occurred in 48°, 
of the “uncomplicated” group, an incidence only slightly less than the 
53% found in the “complicated” group. In two diseases common in 
alcohol addicts, namely, cirrhosis of the liver and pellagra* (in the 
alcohol addict), macrocytosis has been frequently reported. In the 
subjects having liver cirrhosis Wintrobe'™ attributed the anemia 
to the inability of the liver to store the necessary hematopoietic 
principle. While Wintrobe did not state the incidence of alcoholism 
in his cirrhotic patients, about 65°7 of those reported by Rosenberg 
and Walters" were known alcohol addicts. That our figures are 
not peculiar to our laboratory or our group of patients is evident 
from the fact that in our pellagrins the incidence of anemia and 
macrocy tosis, and the degree of hyperchromia, is practically identical 
with that reported by Spies and Chinn.” The incidence of 53° 
of macrocytosis in our subjects with liver cirrhosis is lower than that 
reported by Rosenberg and Walters,"! and higher than the incidence 
reported by Wintrobe.!® Our figures, therefore, confirm the high 
incidence of macrocytosis in alcohol addicts having pellagra or liver 
cirrhosis. 

We hesitate, however, to attribute the macrocytosis or macro- 
eytic anemia of our alcohol addicts, either in those having or not 
having liver cirrhosis, to inability of the liver to store the necessary 
hematopoietic principle. Our reasons for this belief include the 
following: 1, Wintrobe’s!®® observation that mild or moderate 
cirrhosis is not accompanied by macrocytic anemia. 2, The inci- 
dence of macrocytosis is no higher in patients having clinical cirrhosis 
than in those having the other named diseases, or even very much 
higher than in alcohol addicts without recognized somatic stigmata 
of alcoholism. 3, The incidence of macrocytosis is no higher in 
patients having the greater degree of liver dysfunction than in those 
having the lesser degree, and is no higher in those having enlarged 
livers than in those whose livers were not enlarged. 

That the hyperchromic macrocytic anemia of alcohol addicts is 
not due to marked reduction or absence of an intrinsic factor as in 


* In endemic Southern pellagra most observers" report the anemia, when pres- 
ent, as microcytic. 
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Addisonian pernicious anemia seems definite. The reasons for this 
belief include the following: 1, Liver extract or gastric mucosa is 
not necessary as a rule to produce a remission. In our cases a good 
diet without liver or kidney, plus vegex,* brewers’ yeast* or liver 
residue lacking the antipernicious anemia factor? in most subjects 
relieves the anemia within a short time. 2, The anemia is associated, 
more often than not, with free acid in the gastric contents. 3, 
Spies and Payne" have reported that the gastric juice of alcohol 
addicts having pellagra will produce a reticulocyte response in 
patients in a relapse of pernicious anemia. 

We are not prepared to state definitely the cause of the macro- 
cytosis In these subjects, even though alcohol addiction is a factor 
common to all subjects studied. That it is due to alcohol per se 
seems to us to be untenable in view of the fact that such diseases 
as pellagra, polyneuritis and cirrhosis of the liver occurring in alcohol 
addicts are now quite generally believed to be due not to the direct 
action of alcohol but to associated factors. A history of an irregular 
or more often of a definitely inadequate diet over varying periods 
of time was almost a constant finding in our hospitalized subjects. 
We are therefore inclined to relate the macrocytosis to an extrinsic 
deficiency of some necessary hematopoietic principle required to 
maintain normocytosis. 

Summary and Conclusions. A quantitative study of the red blood 
cells in 184 cases of alcohol addiction is reported. Of these subjects, 
159 were “complicated” in that they had, in addition to alcohol 
addiction, one or more of the following diseases: polyneuritis, 
pellagra, ‘“‘alcoholic’’ stomatitis, “‘alcoholic’’ encephalopathy, or 
liver cirrhosis; 25 of these subjects were “uncomplicated” in that 
they had none of the above listed diseases or other recognized 
stigmata of chronic alcoholism. 

In our subjects, quantitative anemia did not occur in the “uncom- 
plicated” group, but was present in 61°, of the “complicated” 
group. THlowever, macrocytosis was present in about 50°% of both 
groups. Macrocytic anemia in these alcohol addicts was not limited 
to subjects manifesting pellagra or cirrhosis of the liver, but occurred 
as well, and in about the same frequency, in subjects having poly- 
neuritis, “alcoholic” stomatitis, and “alcoholic” encephalopathy. 
There was also no correlation between the frequency of macrocytosis 
and achlorhydria, severity of liver damage, or the presence of an 
enlarged liver. In view of these findings we are inclined to regard 
the macrocytosis of the alcohol addict not as a manifestation of 
inability on the part of the liver to store a hematopoietic principle 
but as an extrinsic deficiency of some necessary hematopoietic 
substance required to maintain normocytosis. 


* Courtesy of Vegex, Inc., New York 
+ Courtesy of Lederle Laboratories, Inc., New York. 
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CONVULSIVE (PENTAMETHYLENETETRAZOL) SHOCK 
THERAPY IN DEPRESSIVE PSYCHOSES. 


PRELIMINARY REPORT OF RESULTS OBTAINED IN TEN CASES.* 
By A. E. BeENNeEttT, M.D., 


ASSISTANT PROFESSOR OF NEUROPSYCHIATRY, UNIVERSITY OF NEBRASKA 
OMAHA, NEB 


(From the Psychiatric Department of the Bishop Clarkson Memorial Hospital 


Rests obtained by convulsive shock therapy in schizophrenic 
psychoses have been so impressive that I decided to try a modified 
treatment upon a case of depressive psychosis. Encouraged by 
excellent and immediate response, I treated 9 other cases with very 
favorable results. Since, hitherto, methods of shock therapy suc- 
cessful with schizophrenia have not succeeded with the depressive 
psychoses, and since almost no similar reports appear in the litera- 
ture, the 10 cases which are the basis of this preliminary report 
should be of interest. 

Meduna’ first used convulsive shock therapy in schizophrenia. 
Acting upon the observation that convulsive states and the schizo- 
phrenic process were apparently biologically incompatible, he 
perfected a method of inducing convulsions by means of a camphor- 
like preparation, pentamethylenetetrazol. He has reported results 
obtained in 74 chronic schizophrenic patients with a disease of 2 
to 3 years’ duration: were cured; improved; and 46% 
were unchanged. 

Ellery? after a personal visit to Meduna’s clinic quotes results 
in 110 schizophrenic patients: 80°% of early cases obtained good re- 
missions, but patients ill longer than 4 vears failed to obtain any 
good results. Friedman‘ recently quoted Meduna’s 110 cases: 96% 
of cases treated during the first year of the disease were improved 


* Presented before Missouri, Kansas Neuropsychiatric Association, Kansas City 
Mo., February 15, 1938, and as part of exhibit American Psychiatric Association 
and American Medical Association, June, 1938. 
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(this is a 16° increase over Ellery); while less than 8% of cases of 
4 or more vears’ duration showed improvement. 

These results are distinctly encouraging and at least equal to the 
best results reported from insulin shock therapy in early cases. It 
may be that convulsive shock therapy, because of its simplicity 
and apparent relative safety, may replace insulin shock therapy. 
Personally, I still prefer insulin shock therapy in undernourished, 
acutely excited and paranoidal types of schizophrenia; but am using 
pentamethylenetetrazol for the well nourished, catatonic, hebe- 
phrenic and depressed types. 

Because of the encouraging results obtained from insulin shock 
therapy in schizophrenia, attempts were made to relieve depressive 
psychotic patients, with discouraging results.!. Furthermore, in all 
previously tried chemical, endocrine or shock therapy methods 
such as hematoporphyrin, estrogenic, testicular or pituitary hor- 
mones, fever therapy and narcosis, no consistent effect in shortening 
the course of depressions has been observed. 

It was decided to try the effect of pentamethylenetetrazol shock 
therapy upon a chronic resistant agitated case of depression. The 
almost immediate, abrupt termination of this very severe depressive 
psychosis (Case 1) led to further experimentation. The extraord- 
inary improvement in 10 consecutive patients suffering from various 
types of depressive psychoses was a unique therapeutic experience 
to me and forms the basis of this preliminary report. The observa- 
tions to date with the use of convulsive shock therapy in chronic 
agitated and stuporous types of characteristic depressed affective 
disorders lead me to believe that we may now have a potent agent 
for terminating these distressing mental states. 

There is practically nothing in the literature so far upon convul- 
sive shock therapy in depressive psychoses. Schichter® noted 
improvement in 2 cases of hysteria, 4 anxiety states and 3 depressed 
patients, as well as schizophrenics that he treated with subcutaneous 
injections of cardiazol (pentamethylenetetrazol). He states that 
the psychoneurotic patients after use of cardiazol established a better 
rapport for psi chotherapy ; he feels that the shock produced a cessa- 
tion of the anxiety state since his patients were immediately relieved 
of fear. Schénmehl'® in using cardiazol as a means of differentiating 
hysterical convulsions from true epilepsy noted that its use bene- 
fited patients suffering from dazed, stuporous or “Diimmerzustand” 
states. 

Montassut and Lemaire’ treated depressed states with poly- 
camphosulphonates in non-shock doses. They found that many 
depressive symptoms in milder cases disappeared, but the profound 
depressives were apparently not improved. 

The following report is based entirely upon results obtained 
by pentamethylenetetrazol shock therapy in cases that were all 
essentially affective depressive psychoses. None of these patients 
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showed schizophrenic features; 4 were severe involutional melan- 
cholic types and the remainder were manic depressive depressed 
types. Uniformly excellent results have been obtained in all these 
cases to date. All patients appeared completely relieved of the 
depressive features of the psychosis within 2 weeks after treatment 
was begun. No complications from the treatment occurred in an) 
of these patients, vet 3 were past 60 vears of age and | past 57. 

Method. All patients were given exhaustive general physical and 
laboratory studies, including electrocardiography, prior to shock therapy. 
Our method of treatment consists of routine alkalinization throughout the 
course to facilitate convulsions. Intravenous injections of pentamethylene- 
tetrazol, 3 to 12 cc., were given every 2 or 3 days of an average course of 
5 convulsive shocks. 

Precautions against possible fracture or dislocations are taken by bandag- 
ing the head and jaw before treatment and by loosening bed clothing to 
avoid entanglement of the limbs. Tongue and lips are protected by several 
cotton dental rolls bound with bandage, inserted between the teeth at the 
onset of the convulsion. No preliminary explanation of the treatment was 
given the patients. An attempt was made to reassure the patient and avoid 
arousal of undue apprehension. The individual intravenous injections were 
given as quickly as possible. Occasionally, the patient failed to convulse 
from the initial injection. If this occurred an immediate second dose 
larger than the first was given. The depressed patient who failed to go 
into a convulsion was left in an agitated apprehensive state for the remainder 
of the day or until the next treatment. We considered this an unfavorable 
reaction. 


Immediately following the convulsion and passing of the stupor, 
patients were urged to enter into ward activities. As a rule the 
patient appeared less tense, relaxed and was amnesic for events just 
preceding the treatment. The delirious reaction seen in the schiz- 
ophrenic patient after convulsive shock therapy was strikingly 
absent in this series. At times the patient awakened in a jocular 
euphoric mood or made remarks such as “I’ve come to life’; “Where 
am I, things are all changed, more natural’; “‘] am younger again,” 
and so on. For the remainder of the day patients became more 
interested and less agitated. Gradually a return to the abnormal, 
emotional, tense state occurred in about 24 to 36 hours; but after 
the second, third or fourth injection, the excess anxiety or depression 
seemed to disappear. Some patients displayed perfectly normal 
emotivity at the end of treatment; some had residual mild anxiety 
states and one reacted to a hypomanic excitement for a time. 

The psycho-physiologic reactions of such a drastic shock therapy 
upon the organisms are not as yet in any way understood. The 
profound circulatory shakeup may be responsible for altering cere- 
bral functioning. On the other hand, the drug may act directly 
upon the autonomic centers of the brain. The convulsion is prob- 
ably a symptomatic expression of the profound biochemical cellular 
metabolic reaction and not necessarily an essential factor in produc- 
ing the change in the affective tone. Whether organic changes occur 
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in the brain from its use no one can tell as vet. It appears that we 
may be inducing physiologically in these cases something equivalent 
to the more hazardous and radical prefrontal lobotomy of Moniz‘ 
and Freeman and Watts.* Pentamethylenetetrazol action is similar 
to that of camphor, stimulating vasomotor and respiratory centers. 
In excessive dosage convulsions are produced resembling picrotoxin 
poisoning. 

Psychologically, the mechanisms of shock therapy offer an inter- 
esting possible explanation. In cases of severe depression such as 
those here described, the patient develops the delusion that he is 
chiefly responsible for a great many ills and griefs, even for crimes. 
In all our cases strong self-condemnatory feelings of guilt were 
present; in several cases, patients accused themselves of murder, 
loathsome and wicked acts, responsibility for national, social, and 
family evils. Several expressed the wish to die, one or two had 
attempted suicide, Case 9 desired to have a prefrontal lobotom) 
performed, hoping for a fatal outcome. According to Menninger® 
this conscious wish to die is not entirely genuine, but is a fantasy 
representing a wish for punishment. The death instinct is never 
conscious but is manifested indirectly. 

This demand of the conscience for punishment was satisfied by the 
first and subsequent shock treatments. Although the patient 
received no previous explanation of the shock therapy, he retained 
unconscious memory of the pain, as shown by requests not to be 
subjected to later treatments. But having undergone the painful 
convulsive therapy, he has approac ‘hed death psychologically, has 
suffered punishment, has, as it were, proved himself willing to take 
punishment. His conscience is then freed; and he can allow himself 
to start life over again free from the compulsive pangs of conscience. 

We consider this type of therapy potentially dangerous and not 
applicable to casual home or general hospital treatment. It should 
be given only in a well equippe “d psye ‘hiatric department with experi- 
enced psyc hiatric nursing superv ision. 

The essential facts conce rning the patients treated follow: 


Case Abstracts. (ase 1. Mrs. J. F., aged 45, had been hospitalized 
143 days on account of a severe depressive psychosis. Three members of 
the immediate family had been psychotic and had become permanent State 
hospital patients. Prior to present illness the patient had an overactive, 
elated reaction, following a divorce. ‘Suddenly I felt a pressure in my 
chest and became depressed. I knew I'd been cursed.” She became very 
agitated, self-condemnatory and expressed suicidal ideas. After admission, 
the patient became more agitated and paced the halls: ‘Call the police, 
[’m a bad woman. I’m cursed—I have to live in eternal torment. I can 
never rest. I must give myself up—I’m doomed!” For over 2 months the 
patient did not talk or respond in any way, became careless of excreta, 
crawled on the floor and frequently attempted suicide. Commitment 
papers were arranged for State hospitalization and a grave prognosis given. 

At this time convulsive therapy was begun. After the first shock the 
atient was for a short time responsive and stated: ‘I feel I am coming to 
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life.” After the second shock: “I want to get up and dress.’ She also 
ate in the dining room. After the third and last shock she stated: “I feel 
so good—TI don’t know what happened, but isn’t it wonderful? I can talk, 
walk and eat. You have performed a miracle. I don’t know how you did 
it, but I’ll never forget it.”’ 

The patient merged into a hypomanic state for several weeks, then was 
dismissed from the hospital and has made a good social adjustment. 

Case 2. Mr. F.S., aged 57, had been hospitalized 527 days, suffering 
from apparently an intractable type of involutional melancholia. The 
patient, a bachelor, had an unusually marked mother-fixation. Following 
a conflict over a possible marriage, anxiety symptoms developed with a 
minor colon dysfunction. Rapidly a severe hypochondriacal depression 
developed, requiring special nursing care. The patient refused food, was 
spoon and tube fed; usually behaved in an infantile manner, was constantly 
tense, noisy and tearful and at times careless of excreta. Many somatic 
delusions were present concerning the eyes, bladder, bowels and genitalia. 
“I’m going blind. I’ve lost my manhood, my testicles are gone. My 
bladder is weak. I have to go to the toilet 25 times a night." At times para- 
noid trends were marked; often profane and vulgar in speech, he required 
frequent seclusion. 

All attempts, even with special nurses, to interest the patient in activities 
failed, as did psychotherapeutic approach. A variety of treatment pro- 
cedures were tried: Symptomatic sedation, packs, hydrotherapy, hemato- 
porphyrin injections, insulin shock therapy (27 shocks), fever therapy (9 
treatments), testosterone and antuitrin injections, 3 weeks of continuous 
narcosis and benzedrine sulphate. All were ineffectual in improving the 
mental state, but a 40-pound weight gain resulted from insulin therapy. 

After about 1} years of such failure, convulsive shock therapy was begun 
and improvement followed the first convulsion. The patient dressed him- 
self, was less tense and began to take an interest in his personal appearance 
In about 36 hours after the first injection, relapse occurred, but within 16 
days after the first injection the patient was going outside the hospital 
unaccompanied. Six shocks were given at 3-day intervals. The patient 
became entirely coéperative, took an interest in other patients, became 
friendly with nurses, and gradually gave up his resistant paranoidal ideas 
and somatic complaints. Prior to dismissal, he attended to business affairs 
and made plans to resume his business. He was dismissed with good insight 
22 days after the last shock and has resumed full charge of his business. 

Case 3. Miss R. F., aged 28, following disappointment in a love affair 
and fear of pregnancy, rapidly developed a depressive psychosis. The 
patient’s sister had had a very similar psychosis requiring about 9 monthis’ 
psychiatric treatment. The patient was admitted about 1 week after the 
onset, because of suicidal attempts. An extremely apprehensive, agitated 
reaction with self-accusatory delusions was present. She believed she was 
pregnant, had syphilis, and had killed her family. She stated she was 
responsible for the Sino-Japanese War. Ideas of reference were prominent 
that nurses called her a loathsome character, and were spies; that news- 
papers publicized her record, and so on. Close observation was required 
because of frequent attempts at self-harm. Much sedative and pack therapy 
was necessary to control agitation. 

Insulin shock therapy with 6 hypoglycemic shocks was given at first, 
without apparent benefit. Convulsive shock therapy was begun 38 days 
after her admission. Six reactions at 3-day intervals were given. One good 
day followed the first reaction. After the third shock the patient began 
spontaneous occupational activity, wrote letters and coéperated psycho- 
therapeutically. A mood of mild elation followed the sixth treatment 
After a period of 2 weeks of psychotherapy, the patient was dismissed with 
very good insight. 
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Case 4.— Miss R. B., aged 37, developed a reactive depressive psychosis 
apparently precipitated by a disappointment in love. The patient had 
had a previous depression at 21 years; off work 1 year, she was not hospi- 
talized. The mental status was characterized by marked anxiety; fear 
of cancer because of weight loss; tearfulness; desire to die; and self-accusa- 
tory delusions: “I am unfit to associate with others —the most wicked 
person on earth —can never get well -I’m going mad. I’m dirty and filthy,” 
and so on. Attempts to ventilate the patient’s problem only made self 
accusations worse. 

A course of hematoporphyrin injections made no change in the mental 
state. Convulsive shock therapy was given. The patient failed to react 
by convulsions in about half the shocks. After these injections, more 
apprehension was present. But after 4 good convulsions, all evidence of 
severe depression disappeared. A mild anxiety state persisted, which was 
amenable to psychotherapy. The patient was dismissed 3 weeks after 
shock therapy was begun, in good condition. 

Case 5. Mrs. A. L., aged 60, was admitted in an acutely agitated 
stuporous state of 2 months’ duration. Worry over economic and drouth 
factors on the farm seemed to start loss of sleep, anorexia and extreme agita- 
tion that culminated in an attempt to drown herself in a horse tank. The 
patient maintained a constant state of tearfulness, usually was mute and 
required spoon and tube feeding. Extreme self-accusation centered about 
ideas of an abortion in early life, with notions everything was gone —“‘family 
ruined, let me give myself up. I’ve made all the people sick. I’m so terrible. 
My son has gone crazy,” and so on. At times the patient lay around 
on the floor and was careless of excreta. 

During 2 months’ observation, a course of theelin, 10,000 units dosage, 
and hematoporphyrin had been tried without improvement. The condition 
appeared to be growing worse. Convulsive shock therapy was begun. Five 
convulsions were induced at 3-day intervals. After the first convulsion, 
the patient fed herself for the first time. After the second shock, oceupa- 
tional activities were begun. The patient appeared completely relaxed 
and wrote letters to the family. From then on she became sociable, pleas- 
ant, smiled about everything and attempted to cheer up other patients. 
Describing her past worries as unimportant, she showed completely normal 
emotional reactions and was dismissed completely cured, 25 days after 
shock therapy was begun. 

Case 6. Mr. T. Me., aged 64, became disinterested in work after 
financial reversals and an attempt to start business in a new location; he 
went to live with a son. Paranoidal ideas of his son's trying to get rid of 
him developed. Agitation, insomnia and suicidal threats caused his admis- 
sion to the psychiatric ward. The mental reactions were characterized 
by agitation, apprehension, suspicion and refusal to adjust to any activities. 
He talked about an unhappy home life, past reversals and fears he would 
be poisoned or sent to the State hospital, since no one was interested in 

elping him. Numerous somatic delusions were present. He thought 
everyone about him had syphilis. 

After 12 days of symptomatic treatment no evidence of improvement 
vas noted and convulsive shock treatment was begun. The patient was 
extremely apprehensive over the treatment. Four convulsive shocks were 
given at 3-day intervals. After the first shock the patient joked and became 
ess tense. He continued fearful of each injection but entered into ward 
ictivities, became jocular and no longer delusional. Because of angina-like 

mplaints following the fourth injection, no more shocks were given. Elec- 
trocardiagraphic tracings were normal. The mental reactions continued 

mal and the patient was dismissed apparently well, 2 weeks after shock 
erapy was begun. 
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Case 7. Mrs. E. F. C., aged 49, after a se ~< of emotional shocks and 
a guilt conflict over a prolonged sexual problem, became depressed. Ideas 
of reference —-self accusations and a progressive paranoidal trend——had been 
present for over a year. Because of loss of interest, brooding, withdrawal 
from active contacts and suicidal threats the patient was brought to the 
hospital. 

Under observation for 30 days, during which time active estrogenic 
therapy was carried on, the patient continued to react with almost con- 
stant anxious and depressed attitudes. A strong religious drive with ideas 
of having committed the unpardonable sin, self-accusation over her recent 
marriage, with delusions of persecution referred to the husband's relatives, 
characterized the mental content. Somatic delusions related to syphilis 
and the pelvie organs were also present. 

Convulsive shock therapy was advised; the patient reacted to convulsions 
with each injection. After the third injection, the patient began active 
occupational interests, laughed at jokes, and stated her past ideas were like 
a dream. Normal letter writing was begun; the patient accepted the 
treatment as beneficial and lost all evidence of former despondency. After 
the sixth injection the patient appeared entirely well. Two more weeks, 
hospital observation for reéducative psychotherapy was carried out and the 
patient dismissed. 

Case 8. Mrs. L., aged 35, had had a depressive breakdown at 21 vears 
of age; gave up teaching for 9 months, and recovered. The present attack, 
of 4 months’ duration, had begun after the death of her fathe z Psychogenic 
conflicts over a childless marriage, incomplete sexual adjustment and fear 
of pregnancy were also present. Progressive loss of interest, agitation, 
insomnia and self condemnatory ideas with suicidal threats caused hospital- 
ization. The mental status was characterized by extreme agitation, and 
appre he ‘nsion With panics that required sedative pack therapy and seclu- 
sion: “I can’t stay here—no one can help me—I'm losing my mind— I’m 
responsible for my father’s death,’ and so on. Two weeks’ symptomatic 
sedative therapy, hydrotherapy and all attempts to establish a rapport or 
to interest the patient were unavailing. Exceedingly close observation was 
necessary on account of suicidal threats. 

Convulsive shock therapy was begun. After the first convulsive seizure 
the patient dressed spontaneously, appeared relaxed and was cheerful in 


the afternoon. She stated that she “felt good.” Slight relapses to the 
previously tense and agitated states occurred. After the second seizure, 
the tenseness and agitation again disappeared. The patient gradually 


became more and more co6perative in occupational and recreational therapy. 
The self-accusatory ideas disappeared and a constructive future program 
was planned. The patient was dismissed entirely well 48 days after shock 
therapy was begun. 

Case 9. Mr. W.8., aged 30, had a bad family history of depressive 
states. The patient had had two previous depressive attacks lasting 8 
months to 1 year and in the last one had attempted suicide by gas poisoning. 
Following this, the patient had adjusted fairly well but had never recovered. 
One month prior to hospitalization he became acutely depressed and again 
attempted suicide. He also attempted to persuade a neurosurgeon to per- 
form a prefrontal lobotomy, hoping for a fatal outcome. Under observa- 
tion the patient was extremely restless, constantly complaining, appealing 
for help and threatening suicide. In panic states —“‘I can’t stand it, give 
me a shot, knock me out, I’m losing my mind’’—sedative packs were 
necessary. 

Convulsive shock therapy was started and 7 injections given. The patient 
became relaxed and, after the second injection, coéperated well with occu- 
pation. Gradual improvement followed each injection. Financial strin- 
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gency and an unstable wife along with the patient’s insistence that he was 
able to return to work led to his dismissal against advice. Following dis- 
missal the patient found he had lost his position and when last seen was 
reacting at the level of an anxiety neurosis. The intense depressive features, 
however, seemed entirely gone. This was an incomplete recovery and the 
poorest result obtained of the entire group; yet, a very definite and marked 
improvement, to a point that psychiatric hospitalization was no longer 
necessary, followed the convulsive therapy. 

Case 10. Mrs. B. E. H., aged 65, had been under treatment for 4 
months in a psychiatric hospital in 1935 and 1936 on account of an agitated 
depression This was characterized by ideas of self unworthiness, “lost 
soul,” unpardonable sin and suicidal desire. femoval of focal infection, 
hematoporphyrin injections and estrogenic therapy along with symptomatic 
sedation resulted in an apparent improvement sufficient to permit the 
patient to adjust outside an institution, but complete recovery did not 
occur. The patient's daughter gave up school teaching to care for her. 
Frequent long trips were taken, but the patient never resumed social activi- 
ties or charge of her household responsibilities. After 2 vears there was no 
evidence that the depression would disappear. 

The patient was returned for pentamethylenetetrazol shock therapy. 
Improvement followed each convulsive seizure and a mild hypomanic 
reaction occurred after the first three shocks. She developed active interest 
in the ward activities, and is still under hospital observation but the im- 
provement seems to be following as noted in the other patients. 


Comment on All Cases. “The consistent change in the affects in all 
10 of these severel\ depressed patients following convulsive shock 
leaves but little doubt that the treatment was responsible for the 
change. 

A number of recommended therapies for depressive states (includ- 
ing insulin shock therapy) had been tried in the majority of these 
cases without influencing the course of the depression in any case 
before convulsive shock therapy was instituted. 

The regularity of improvement within 2 weeks after penta- 
methylenetetrazol treatment was begun, even in severe types in 
the presenile period (Cases 2, 5, 6 and 10), speaks for the specificity 
of the method. 

While we regard the method as potentially dangerous, particu- 
larly in the aged cases, no complications have resulted. We believe 
this treatment should be administered only under efficient psychia- 
tric hospitalization and nursing protection. In older patients, 
careful investigation of cardiovascular function should precede 
therapy, which should not be instituted in cases showing myocardial 
or vascular disease. 

We cannot explain the mechanism of recovery in these cases, 
but it is undoubtedly physiologic in nature and not psychologic. 
lhe circulatory change in the cerebrum resulting from the convul- 
ions seemed to have some direct effect upon the emotional centers 
the brain, alleviating anxiety and depression. The effect seemed 
trikingly similar to that described by the authors recommending 

refrontal lobotomy. 
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Case 7. Mrs. E. F. C., aged 49, after a series of emotional shocks and 
a guilt conflict over a prolonged sexual problem, became depressed. Ideas 
of reference——self accusations and a progressive paranoidal trend -had been 
present for over a year. Because of loss of interest, brooding, withdrawal 
from active contacts and suicidal threats the patient was brought to the 
hospital. 

Under observation for 30 days, during which time active estrogenic 
therapy was carried on, the patient continued to react with almost con- 
stant anxious and depressed attitudes. A strong religious drive with ideas 
of having committed the unpardonable sin, self-accusation over her recent 
marriage, with delusions of persecution referred to the husband's relatives, 
characterized the mental content. Somatic delusions related to syphilis 
and the pelvie organs were also present. 

Convulsive shock therapy was advised; the patient reacted to convulsions 
with each injection. After the third injection, the patient began active 
occupational interests, laughed at jokes, and stated her past ideas were like 
a dream. Normal letter writing was begun; the patient accepted the 
treatment as beneficial and lost all evidence of former despondency. After 
the sixth injection the patient appeared entirely well. Two more weeks, 
hospital observation for reéducative psychotherapy was carried out and the 
patient dismissed. 

Case 8. Mrs. L., aged 35, had had a depressive breakdown at 21 vears 
of age; gave up teaching for 9 months, and recovered. The present attack, 
of 4 months’ duration, had begun after the death of her father. Psychogenic 
conflicts over a childless marriage, incomplete sexual adjustment and fear 
of pregnancy were also present. Progressive Joss of interest, agitation, 
insomnia and self condemnatory ideas with suicidal threats caused hospital- 
ization. The mental status was characterized by extreme agitation, and 
apprehension with panies that required sedative pack therapy and seclu- 
sion: “I can’t stay here—no one can help me—I'm losing my mind—I’m 
responsible for my father’s death,’ and so on. Two weeks’ symptomatic 
sedative therapy, hydrotherapy and all attempts to establish a rapport or 
to interest the patient were unavailing. Exceedingly close observation was 
necessary on account of suicidal threats. 

Convulsive shock therapy was begun. After the first convulsive seizure 
the patient dressed spontaneously, appeared relaxed and was cheerful in 
the afternoon. She stated that she ‘felt good.’ Slight relapses to the 
previously tense and agitated states occurred. After the second seizure, 
the tenseness and agitation again disappeared. The patient gradually 
became more and more coOperative in occupational and recreational therapy. 
The self-accusatory ideas disappeared and a constructive future program 
was planned. The patient was dismissed entirely well 48 days after shock 
therapy was begun. 

Case 9. Mr. W.38., aged 30, had a bad family history of depressive 
states. The patient had had two previous depressive attacks lasting 8 
months to 1 year and in the last one had attempted suicide by gas poisoning. 
Following this, the patient had adjusted fairly well but had never recovered 
One month prior to hospitalization he became acutely depressed and again 
attempted suicide. He also attempted to persuade a neurosurgeon to per- 
form a prefrontal lobotomy, hoping for a fatal outcome. Under observa- 
tion the patient was extremely restless, constantly complaining, appealing 
for help and threatening suicide. In panic states—‘“‘I can’t stand it, give 
me a shot, knock me out, I’m losing my mind’’—sedative packs were 
necessary. 

Convulsive shock therapy was started and 7 injections given. The patient 
became relaxed and, after the second injection, coéperated well with occu 
pation. Gradual improvement followed each injection. Financial strin- 
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gency and an unstable wife along with the patient’s insistence that he was 
able to return to work led to his dismissal against advice. Following dis- 
missal the patient found he had lost his position and when last seen was 
reacting at the level of an anxiety neurosis. The intense depressive features, 
however, seemed entirely gone. This was an incomplete recovery and the 
poorest result obtained of the entire group; vet, a very definite and marked 
Improvement, to a point that psychiatric hospitalization was no longer 
necessary, followed the convulsive therapy. 

Case 10. Mrs. B. E. H., aged 65, had been under treatment for 4 
months in a psychiatric hospital in 1935 and 1936 on account of an agitated 
depression. This was characterized by ideas of self unworthiness, “‘lost 
soul,” unpardonable sin and suicidal desire. Removal of focal infection, 
hematoporphyrin injections and estrogenic therapy along with symptomatic 
sedation resulted in an apparent improvement sufficient to permit the 
patient to adjust outside an institution, but complete recovery did not 
occur. The patient’s daughter gave up school teaching to care for her. 
Frequent long trips were taken, but the patient never resumed social activi- 
ties or charge of her household responsibilities. After 2 years there was no 
evidence that the depression would disappear. 

The patient was returned for pentamethylenetetrazol shock therapy. 
Improvement followed each convulsive seizure and a mild hypomanic 
reaction occurred after the first three shocks. She developed active interest 
in the ward activities, and is still under hospital observation but the im- 
provement seems to be following as noted in the other patients. 


Comment on All Cases. ‘The consistent change in the affects in all 
10 of these severely depressed patients following convulsive shock 
leaves but little doubt that the treatment was responsible for the 
change. 

A number of recommended therapies for depressive states (includ- 
ing insulin shock therapy) had been tried in the majority of these 
cases without influencing the course of the depression in any case 
before convulsive shock therapy was instituted. 

The regularity of improvement within 2 weeks after penta- 
methylenetetrazol treatment was begun, even in severe types in 
the presenile period (Cases 2, 5, 6 and 10), speaks for the specificity 
of the method. 

While we regard the method as potentially dangerous, particu- 
larly in the aged cases, no complications have resulted. We believe 
this treatment should be administered only under efficient psychia- 
tric hospitalization and nursing protection. In older patients, 
careful investigation of cardiovascular function should precede 
therapy, which should not be instituted in cases showing myocardial 
or vascular disease. 

We cannot explain the mechanism of recovery in these cases, 
but it is undoubtedly physiologic in nature and not psychologic. 
The circulatory change in the cerebrum resulting from the convul- 
ions seemed to have some direct effect upon the emotional centers 
of the brain, alleviating anxiety and depression. The effect seemed 
trikingly similar to that described by the authors recommending 

refrontal lobotomy. 
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Sufficient time has not elapsed to determine delayed after-effects 
of the treatment or incidence of relapses. As far as could be deter- 
mined, the recovered patients continue to be stable and normal. 

Conclusions. ‘Ten consecutive severe depressive psychotic patients 
have all been relieved by pentamethylenetetrazol shock therapy. 

This method has more consistently shortened the depressive 
psychosis than any method heretofore described. 

It is probable that the profound temporary change in cerebral 
circulation from induced convulsions alters physiologically the 
pathologic anxiety and depressive affective reactions. The result 
obtained is not entirely psychologic. 

This method should be given further experimentation. It appears 
to be reasonably safe, even in older patients, but careful cardio- 
vascular examination should precede its use. Its potential danger 
precludes its use for the present in general practice. It should be 
given only in well equipped psychiatric departments under skilled 
medical and psychiatric nursing supervision 

This treatment offers considerable hope of rapidly relieving the 
legions of suffering melancholiacs. There is also reason to believe 
the method may likewise become useful in severe anxiety psycho- 
neuroses. 

Eleven more patients, a total of 21 seriously depressed, have undergone convulsive 
shock therapy up to June 1, 1938. All of these showed marked improvement within 
2 weeks after convulsive shock treatment began. Eight patients were past 55 years 
No treatment complications were observed. One of involutional type had been a 


State hospital patient for over 2 years All mace social or complete recoveries 
One relapsed in an acute manic excitement and was committed to a State hospital 
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BOOK REVIEWS AND NOTICES 


PavLtov AND His Scuoou. The Theory of Conditioned Reflexes. By 
Proressor Y. P. Frotov, M.D., Member of the All Union Institute of 
Experimental Medicine, Moscow. Pp. 291; 27 illustrations. New 
York: Oxford University Press, 1937. Price, $4.00. 

Paviov’s “Lectures on Conditioned Reflexes” has been so widely read 
even by those outside the scientific field and it covers the subject so clearly 
and adequately, that the indication for this early review of the material 
may well be questioned. The bulk of Dr. Frolov’s book constitutes such 
a review and offers at least a partial answer to the query. In the new light 
which the later work of Pavlov and his school has thrown upon the inter- 
pretation of their older results such a reappraisal finds its best excuse. 
For most readers, however, the last chapter, an admirable essay in biog- 
raphy, is the part of the book that will be reread, for the sake of which they 
will not grudge it shelf room beside the work of the master who inspired it. 

G. McC. 


Tue ANeMiAs. With Special Reference to Pernicious Anemia and the 
Use of Liver Extracts and Supplementary Factors in the Treatment of 
Anemias. Supplement. Blood Morphology in Diagnosis. A Series of 
Six Articles Reprinted from The Physician’s Bulletin. Pp. 98; 7 colored 
plates. Indianapolis: Eli Lilly and Company, 1938. 

Tuts anonymous booklet has obviously been prepared by or with the 
help of a trained hematologist. It presents much useful and apparently 
accurate information, several good colored plates of characteristic blood 
smears, a section on diet in the anemias, and tables of standards and 
differential diagnoses. The advertising in the text, apparently essential 
to a “house publication,” is limited to a comparatively few pages. 


KE. K. 


PepiaTric SurGEry. By Epwarp C. Brenner, A.B., M.D., F.A.C.S., 
Director of Surgery, Riker’s Island and Detention Hospitals; Attending 
Surgeon, Midtown Hospital, ete. Pp. 843; 293 illustrations. Phila- 
delphia: Lea & Febiger, 1938. Price, $10.00. 

Tuts volume, in which the author was assisted by well known workers in 
special fields, emphasizes the surgical lesions of pediatric practice. Special 
attention is given to diagnosis, indications for operations and end-results. 
In numerous instances operative procedures are discussed in detail and the 
important facts in regard to preoperative and postoperative treatment are 
thoroughly reviewed. The volume omits orthopedic conditions and opera- 
tions for ‘‘these are well considered in many textbooks.’’ The work is 
‘ssentially in amplification of the author’s lectures at the New York Post- 
Graduate Medical School of Columbia University. 

There are 9 parts and 51 chapters covering nearly the entire field of 
reneral surgery. It may well be wondered at first, when so much of the 
diagnostic and therapeutic portion of the volume is a reiteration of material 
‘ound in standard textbooks of surgery, why it should all have been included 

i this volume? However, the subject matter in this form of presentation 

ads so well that the Reviewer feels justified on the whole in commending 


130) BOOK REVIEWS AND NOTICES 


the method of presentation. Here and there in the text statements are 
made which are not in agreement with the Reviewer's surgical opinions. 
An instance of this is in the discussion of the ‘Choice of Incision” for acute 
appendicitis. There are many surgeons who prefer the pararectus incision 
for chronic appendicitis, but prefer the McBurney incision for acute appendi- 
citis. 

The work is voluminously illustrated with good clear illustrations 
Occasionally an illustration appears to have been made from some one past 
the pediatric age, as in Figure 130 

Although the work is in reality a textbook of surgery it includes so much 
that it is of practical value in the treatment of surgical diseases of children 
that it should prove a valuable addition to surgical practitioners 


Dik STORUNGEN DER SEXUALFUNKTION BEL MANN UND WeEIB. VON DR 
Lupwic Cuiavaccr, Wien, Mit einem Geleitwort von Pror. Dr. Orro 
Pp. 146. Wien: Franz Deuticke, 1938. Price, Paper, M. 4.60 
Bound, M. 5.40. 

TuHIs monograph should prove to be indispensable to those physicians who 
are called upon to deal with functional sexual difficulties, as diagnosis and 
therapy rest on the firm basis of physiology and pathology. The author 
purposely avoids the psychoanalytic pitfalls psycho-sexual disturbances 
and very wisely states that the organic-physiologic basis of these dis- 
turbances must first be recognized and evaluated before the problem. is 
approached from the psvcho-therapeutic viewpoint B. H. 


A Trext-Book oF Edited by E. T. Bett, M.D., Professor of 
Pathology in the University of Minnesota, Minneapolis, Minn. Pp. 894 
412 illustrations and 2 colored plates. Third Edition, enlarged and 
thoroughly revised. Philadelphia: Lea & Febiger, 1938. Price, $9.50 
In this third edition there are 127 more pages, more references have been 

added, and there are 62 excellent new illustrations. The general plan ol 

the previous editions has been retained, but revisions in the text have been 

made throughout. The presentation is systematic and clear, heavy print 
attracts the eve to the imp rtant headings, and illustrations derived from 
the practice of pathology are very convincing. These modifications shoul 
greatly increase the usefulness of this textbook in fulfilling the aims of its 
author to furnish students of pathology with a sound basis for clinical 


medicine. I. Z 


Tue Asour Lay Light on Maternal Morbidity and 
Mortalitv. By ANrHony M. Lupovicit. Pp. 204. New York: E. P 
Dutton & Co., Ine., 1938. Price, $2.50. 

THe author, a well known sociologist of England, advances in this 
book the theory that childbirth should not be regarded in other than th 
light of a consciously pleasant experience. In developing the thesis he 
discusses the factors which have influenced a state of mind among womer 
and physicians that pregnancy is a disease of 9 months, with delivery as the 
catastrophic climax to the disease. Simultaneously he brings out support 
to favor directly his contention that the frequent abnormalities of pregnancy 
and delivery are not essential and can be removed 

The first part of the book discusses the influence of increasing intelligence 
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the feministic trend of thought and the economic conditions of the world 
today on reproduction, and describes the physiology of normal childbirth. 

The second part discusses those conditions which conflict with painless 
and pleasurable birth. These include the factor of age at the time of de- 
livery of the first child, the effect of late marriages, athleticism, miscegena- 
tion, the mixture of types and statures and nutritional deficiencies of the 
present day diet. 

Further the author describes the primitive postures in childbirth, the 
relationship of modern habits of life on delivery and the demand for and 
effect of analgesics and anesthetics in labor The book is profusely docu- 
mented in a remarkable review of the literature dealing with the sociologic 
aspects of reproduction 

There are many intriguing statements and deductions brought out with 
which all obstetricians probably will not agree; but it may certainly be 
admitted that the text is extremely interesting in the discussion of many 
problems faced in present day obstetrics. r. We. 


Hemorruoips. By Marion Prurrr, M.D., 8. (Ep.), 
(Ep.), F.ALC.S., Atlanta, Georgia, Associate in Surgery, Emory University 
School of Medicine; Proctologist, Grady, Crawford W. Long Memorial, 
and Georgia Baptist Hospitals, ete. Pp. 170; 73. illustrations. St. 
Louis: The C. V. Mosby Co., 1938. — Price, $4.00. 

THE author, regarding the treatment of hemorrhoids as still a live subject, 
attempts here to deseribe and evaluate the various methods of treatment. 
The first part of the book discusses the embryology, surgical anatomy and 
physiology of the lower rectum and anal canal. Then follows a section on 
examination of the patient and the instruments used. In speaking of 
anesthesia, the author recommends a general anesthetic or a local infiltra- 
tion anesthesia with nupercain | to LOOO solution. He believes that spinal 
anesthesia is indicated in only certain selected cases, and caudal or trans- 
sacral block Is a tedious and time-consuming method He briefly discusses 
the pathology of hemorrhoids and classifies them in what appears to the 
Reviewer to be an unnecessarily complicated manner. Considering treat- 
ment, he recommends immediate operation for thrombosed external hemor- 
rhoids, but is in favor of conservative therapy for inflamed or strangulated 
internal hemorrhoids. He reviews the history of injection treatment and 
describes his own technique. He uses 5 to 12°; solution of carbolie acid 
in a vehicle of equal parts glycerin and water and injects 3 to 10 drops into 
the center of each hemorrhoidal mass. If the injections are submucous 
he uses 1 to 6 ec. of 5 to 10°; solution of phenol in vegetable oil. He recom- 
mends that all the internal hemorrhoids be injected at each treatment 
through a short tubular speculum. When injecting into the center of the 
mass, the needle is allowed to remain in place for about a minute after 
injection. The author believes that edema “occludes the needle puncture 
In most cases immediately following the withdrawal of the needle and tends 
to prevent backflow of the solution.” Injections are given 5 to 10 days 
apart and an average of 4 to 5 treatments are given. Pruitt places recur- 
rences following injection at from 15 to 20°) as compared with 5 to 8% 
recurrence following operation. In his chapter on operative treatment of 
internal hemorrhoids he describes his own technique as well as the well- 
known operations of Buie, Lockhart-Mummery, Tuttle and Whitehead. He 
mentions the use of galvanism and of high-frequency currents in the treat- 
ment of hemorrhoids only to condemn them. The book contains many 
riginal illustrations, some in color. It will probably be useful to those who 
ire interested in proctology. L. F. 
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CHRISTIANITY AND Sex. By Ricuarp C. Casor, M.D. Pp. 78. New 

York: The Macmillan Company, 1938. Price, $1.00. 

CONTINUING a long and distinguished career in scientific medicine, the 
author has in recent years also contributed notably toward illuminating 
the borderline between the physician and his patient. ‘ Honesty,” “The 
Layman’s Handbook of Medicine,” “‘What Men Live By,” ‘The Meaning 
of Right and Wrong,” and “The Art of Ministering to the Sick,’”’ are not 
only much needed expositions of an experienced and intelligent, 20th century 
Puritan’s principles of morals but also valuable interpretations of medical 
advances in terms understandable by the laity. This, his latest work, 
frankly and firmly emphasizes that the Christian spirit must be the guide 
to the solution of the problem of sex. Knowledge of sex hygiene is of little 
help; medical men and nurses are no more or no less chaste than others of 
similar intelligence. Throughout the 4 chapters he emphasizes that a 
Christian attitude is of more importance in sex matters than set rules of 
conduct, that sex relationships have as important spiritual as physical 
sides, that life, ‘‘the greatest word in the Christian vocabulary,’ may be 
had more abundantly by the fullest union of body and spirit. Available 
reinforcements of ‘the consecrated affections”’’ are suggested; but attempts 
to deal with the “ original sin” of desire are, perhaps necessarily, incomplete. 
If the average person could attain the intense religious spirit of the writer, 
not only would sex cease to trouble but the world would be a very different 
and better place to live in. 4. K. 


A Textsook oF CLINICAL PatHoLoay. Edited by Roy R. Kracke, B.S., 
M.D., Professor of Pathology, Bacteriology and Laboratory Diagnosis; 
Chairman of the Department, Emory University; Pathologist to the 
University Hospital. With the assistance of 11 Additional Contributors. 
Pp. 567; 205 illustrations and 31 plates (19 in color). Baltimore: Wil- 
liam Wood & Co., 1938. Price, $6.00. 

Tuis is an excellent, practical, comprehensive, up-to-date textbook of 
clinical laboratory diagnosis, by an all-Southern group of teachers repre- 
senting the Universities of Georgia, Tennessee, Texas, Alabama, Louisville 
and Arkansas, Emory, Vanderbilt and Tulane Universities, and The Medical 
College of the State of South Carolina. The Reviewer, trying hard to 
find something to criticize, suggests that the Dare hemoglobinometer is 
given a less critical rating than it deserves (p. 117), the figures illustrating 
the blood picture of pernicious anemia ‘in remission’’ (p. 198) should be 
omitted, raised to normal or labelled “Blood Picture in Unsatisfactory 
Remission or Partial Relapse’’ and the figures (pp. 199 and 200) illustrating 
“Blood Picture under Liver Therapy” should be entitled “Blood Picture 
at End of First Week of Liver Therapy.” The chapters are well correlated 
and documented. The index, figures and plates are good. The book is 
highly recommended for students, internes, laboratory technicians and 
practising physicians. T. F-H., Jr. 


Bite. Its Toxiciry AND RELATION TO By O. H. Horra.t, 
M.D., Pu.D., F.A.C.S., Department of Physiology, The University of 
Chicago. With a Foreword by A. J. Cartson, M.D., University of 
Chicago. Pp. 434. Chicago: The University of Chicago Press, 1938. 
Price, $4.00. 

Tuis monograph, the second on the bile to be published in this country 
during the year, aims to summarize and analyze the physiologic and toxic 
actions of bile as revealed by past observations and experiments. The 
author states that “no critical summary of our modern knowledge of the 
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composition of bile and its relation to disease is available.” Surely Ivy’s 
excellent critical summary of the subject in Physiological Reviews must 
have been overlooked. 

There are 27 chapters, a bibliography and an index. An attempt is 
made to cover every aspect of the subject from the ‘ History of Bile” to 
the “Therapeutic Effects of Bile Acids.” The volume reviews a great 
mass of experimental and clinical observations. As an encyclopedia of the 
literature on the subject of the bile, it will prove useful to workers in the 
field; but to those whose knowledge of the subject does not permit them to 
pass judgment on reviews of material, the volume may prove to be mis- 
leading. This is especially true of chapters such as the one on ‘Origin of 
the Bile” where many conflicting observations are reported and only 
rarely does the author state his opinion, based upon his work on the bile 
and his judgment as an investigator. 

The bibliography consists of 2177 references, and, therefore, is the largest 
available. The work will prove very valuable to anyone interested in the 
many problems of the bile for to them it will be a vade mecum of the literature 
on the subject. 
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The British Encyclopedia of Medical Practice. Including Medicine, Surgery, 
Obstetrics, Gynecology, and Other Special Subjects. Vol. 7. Hype r- 
chlorhydria to Leucorrhaa and Other Non-hemorrhagic Vaginal Discharges. 
Under the General Editorship of Sin Humpury Rouieston, Br.G.C.V.O., 
K.C.B., M.D., D.se., D.C.L., LL.D., Emeritus Regius Professor of 
Physic, Cambridge, ete. With the assistance in a consultative capacity 
of F. R. Fraser, M.D., F.R.C.P., G. Grey Turner, D.Cu., M.S., 
James YounG, D.S8.0., M.D., F.R.C.S. Ep., F.C.O.G., Sir 
Leonarp RoGers, K.C.S.1., M.D., LL.D., F.R.C.P., F.R.C.S., F.R.S., 
and F. M. R. Watsue, O.B.E., M.D., D.Se., F.R.C.P. Pp. 759; 171 
illustrations. London: Butterworth & Co., 1938. Price, $12.00. 

Among the more important articles in this volume are those on Impetigo (22 
pages), Influenza (18 pages), Intelligence Tests (12 pages), Joint Diseases (43 
pages), Kala Azar (36 pages), Surgical Diseases of the Kidney (34 pages), Labor 
178 pages), Larynx Diseases (29 pages). 

Injection Treatment of Varicose Veins and Hemorrhoids. By H. P. McPHEert- 
ers, M.D., F.A.C.S., formerly Director of the Varicose Vein and Ulcer 
Clinic, Minneapolis General Hospital; Attending Physician, New Asbury, 
Fairview and Northwestern Hospitals, Minneapolis, and JAMEs KERR 
AnpEeRSON, M.D., F.A.C.S., Instructor in Surgery, University of Minne- 
sota School of Medicine; Fellow, American Proctologic Society, ete. 
Pp. 315; 82 illustrations. Philadelphia: F. A. Davis Company, 1938. 
Price, $4.50. 

T'he Doctrine of Signatures. A Defence of Theory in Medicine. By Scorr 
BuCHANAN. Pp. 201. New York: Harcourt, Brace & Co., 1938. 
Price, $2.75. 

Polski Przeglad Radiologiczeny, Tom. XII, Nr. 3/4. Edited by Dr. W. 
Zawapowskl!, Warsaw. Pp. 693; many illustrations. Warsaw: Nakl. 
Polskiego Lekarskiego Tow. Radio. I. Fizjoterap., 1937. 

Salaries in Medical Social Work in 1937. By G. Hur.tn, Director, 
Department of Statistics, Russell Sage Foundation. Pp. 34. New 
York: Russell Sage Foundation, 1938. Price, 20c. 
he Fight for Life. By Paut peKrutr. Pp. 342. New York: Harcourt, 
Brace & Co., 1938. Price, $3.00. 
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Lehrbuch der Pharmakologie, Toxikologie und Arzneiverordnung. Unter 
Mitarbeit von Prof. Dr. med. et rer. nat. Hepwic LANGEcKER, Dr. med. 
Franz Henprycnu, Dr. med. et rer nat. et mag. pharm. KarL KLIMESCH 
und Dr. rer. nat. et Dipl. Ing. Hans Wepen. By Dr. mMep. Emin 
STARKENSTEIN, 0. 6. Prof. der Pharmakologie und Pbharmakognosie an 
der deutschen Universitit in Prag. Pp. 758; 40 illustrations. Wien; 
Franz Deuticke, 1938. Price, Paper, M. 20; Bound, M. 23. 

Zum Krebsproblem und Verewandten Gebieten. Infektion, Regeneration, 
Zellmutation, Befruchtung. Von Dr. Frrrz NitperMAYER, Chefarazt 
und Leiter der chirurgischen Abteilung des Krankenhauses Passau. 
Pp. 166. Wien: Franz Deuticke, 1988. Price, Paper, M. 5; Bound, M. 7. 

Vitamin B, (Thiamin) and Its Use in Medicine By Rosert R. WILuiaMs, 
Sc.D., of the Bell Telephone Laboratories, New York City, and Tom J). 
Spies, M.D., Associate Professor of Medicine, University of Cincinnati 
Pp. 411. New York: The Maemillan Company, 1938. — Price, $5.00. 

Sulfanilamide Therapy of Bacterial Infections. With Special Reference to 
Diseases Caused by Hemolytic Streptococci, Pneumococci, Meningococe! 
and Gonococci. By R. M.D., Dr. P.H., D.Sc. (Hon.), 
Director, Institute of Pathology, The Western Pennsylvania Hospital, 
Pittsburgh; PauLt Gross, M.D., Pathologist to the Institute; and FRANK 
B. Cooper, Research Chemist to the Institute. Pp. 398; 16 illustrations 
Springfield, Ill.: Charles C Thomas, 1938. Price, $4.00. 

The Construction of Vulcanite Applicators for Applying Radium to Lesions 
of the Buccal Cavity, Lips, Orbit and Antrum. By Desmond GREER 
Waker, M.A., M. Denr. Sc., M.B., B.Cu., Assistant Dental Surgeon 
to the Royal Dental Hospital; Dental Registrar at the Middlesex Hospi- 
tal, etc. Foreword by W. Warwick James, O.B.E., F.R.C.S., L.D.8 
Pp. 61; 2 illustrations and 22 plates. London: John Murray for the 
Middlesex Hospital Press, 1938. Price, 5 

A Bibliography of The Works of Ambroise Pare: Premier Chirurgien & 
Conseiller du Roy. By Janev Dor, Assistant Librarian of the New York 
Academy of Medicine. Pp. 265; 30 illustrations. Chieago: The Uni- 
versity of Chicago Press, 1937. Price, $5.00. 

Clinical Roentgenology of the Digestive Tract. By Maurice FELDMAN, 
M.D., Assistant Professor of Gastroenterology, University of Maryland; 
Associate Roentgenologist, Sinai Hospital; Assistant in Gastroenter- 
ology, Merey Hospital, Baltimore. Pp. 1014; 358 illustrations. Balti- 
more: William Wood & Co., 1938. Price, $10.00. 

The Harvey Lectures, Series XX XIII. Delivered under the Auspices of the 
Harvey Society of New York, 1937-1938. Under the Patronage of the 
New York Academy of Medicine. By Drs. Seria Hecut, Etnar LuNDEs- 
GAARD, Ceci, K. Drinker, JoHN P. Perers, Pattie Barb, WENDELL M. 
STANLEY, F. C. Kocu, Harry Goupsiarr. Pp. 275; 60 illustrations 
Baltimore: The Williams & Wilkins Company, 1938. Price, $4.00. 

Clinics on Secondary Gastro-intestinal Disorders: Reciprocal Relationship 
By Jutius M.D., Professor Emeritus of Gastro-enter- 
ology, THEopore H. Morrison, M.D., Clinical Professor of Gastro- 
enterology, and SAMUEL Morrison, M.D., Assistant Professor of Gastro- 
enterology, University of Maryland, School of Medicine. Pp. 251 
Baltimore: William Wood & Company, 1938. Price, $3.00. 

Memorandum Book of a Tenth Century Oculist for the Use of Modern 
Ophthalmologists. A Translation of the Tadhkirat of Ali ibn Isa of 
Baghdad (cir. 940-1010 a.p.), the most complete, practical and origina! 
of all the early textbooks on the Eye and Its Diseases. The First Edition 
in English, by Casey A. Wood. Pp. 260; 21 illustrations. Chicago 
Northwestern University, 1936. Price, $8.00. 


NEW EDITIONS 135 


NEW EDITIONS. 


Diseases of Women By Ten Teachers, Under the Direction of CLIFFORD 
Wuitr, M.D., B.S. (Lonb.), (Lonb.), (ENG.), F.C.O.G. 
Edited by Sir Comyns BerkeLey, Cuirrorp Wuire and FraNK Cook. 
Pp. 492; 159 illustrations and 7 colored plates. Sixth edition. Balti- 
more: William Wood & Co., 1938.) Price, $6.00 

Clinical Atlas of Blood Diseases By A. Prney, M.D., M.R:C.P., Consult- 
ing Physician, International Clinic, Tunbridge Wells; Assistant Physician, 
St. Mary’s Hospital for Women and Children, ete.; and Srantey Warp, 
M.D., M.R.C.P., Physician, The Royal Cancer Hospital, London, and 
Princess Beatrice Hospital. Pp. 127; 42 plates (38 in color). Fourth 
edition. Philadelphia: P. Blakiston’s Son & Co., Ine., 1938. Price, 
$4.50 

A Textbook of Physiology. By Wituiam D. Zorruour, Px.D., Professor 
of Physiology in the Chicago College of Dental Surgery Lovola Uni- 
versity). Pp. 714; 291 illustrations. Sixth edition. St. Louis: The 
C. V. Mosby Company, 19388. Price, $4.00. 

Materia Medica. Dr id Administration and Pres ription Writing By OscAR 
W. Beruea, M.D., Pu.G., Pu.M., FLA.C.P., Professor of Clinical 
Medicine, Tulane School of Medicine; Professor of Therapeutics, Tulane 
Graduate School of Medicine, ete. Pp. 577. Fifth revised edition. 
Philadelphia: F. A. Davis Company, 1938. Price, 35.00 

Klectrotherapy and Light The rapl. By Ru HARD Koy ACS, M.] Clinical 
Professor and Director of Physical Therapy, New York Polyclinic Medical 
School and Hospital; Physician-in-Charge, Physical Therapy, City Hospi- 
tal, New York, ete. Pp. 744; 307 illustrations and 1 colored plate. 
Third edition, thoroughly revised. Philadelphia: Lea & Febiger, 1938. 
Price, $7.50. 

Diseases of the Nose, Throat and Ear Medical and Surgical. By WILLiAM 
LINCOLN BALLENGER, M.D., F.A.C.S., Late Professor of Otology, Rhinol- 
ogy and Laryngology, College of Medicine, University of Illinois, Chicago, 
etc., and Howarp Battencer, M.D., F.A.C.S., Assistant Pro- 
fessor of Otolaryngology, Northwestern University School of Medicine, 
Chicago; Surgeon, Department of Otolaryngology, Evanston Hospital, 
Evanston, Ill., ete Pp. 1030; 576 illustrations and 30 plates. Seventh 
edition, thoroughly revised. Philadelphia: Lea & Febiger, 1938. 
Price, $11.00. 

Vedical J urisprude nee and Toxicology by JOUN (VLAISTER, M.D.., 
D.Sc., Barrister-at-Law, Regius Professor of Forensic Medicine, Uni- 
versity of Glasgow, ete. Pp. 747; 107 illustrations and 8 plates. Sixth 
edition. Baltimore: William Wood & Co., 1938. Price, $8.00. 

The Foot. By Norman C. Lake, M.D., M.S., D.Sc. (Lonp.), 
(ENG.), Senior Surgeon and Lecturer on Surgery, Charing Cross Hospital; 
Surgeon, Bolingbroke Hospital, ete. Pp. 366; 353 illustrations. Second 
edition. Baltimore: William Wood & Co., 1938. Price, $4.50. 

Handbook of Practical Bacteriology. A Guide to Bacteriological Laboratory 
Work. By T. J. Mackin, M.D., D.P.H., Professor of Bacteriology, 
University of Edinburgh; Honorary Bacteriologist to the Royal Infirm- 
ary, Edinburgh, ete., and J. E. McCarrney, M.D., D.Sc., Director of 
Research and Pathological Services, London County Council, ete. Pp. 
586. Fifth edition. Baltimore: William Wood & Co., 1938. Price, 
$4.00. 


PROGRESS 


MEDICAL SCIENCE 


PATHOLOGY AND BACTERIOLOGY. 


UNDER THE CHARGE OF 


W. L. HOLMAN, M.D., C.M., 


PROFESSOR OF BACTERIOLOGY, UNIVERSITY OF TORONTO, TORONTO CANADA 
AND 


G. LYMAN DUFF, M.A., M.D., Px.D., 


ASSISTANT PROFESSOR OF PATHOLOGY, UNIVERSITY OF TORONTO, TORONTO CANADA 


PRIMARY CARCINOMA OF THE LUNG. 


DurtinG the past few decades, clinicians, pathologists and medical 
statisticians have all been focusing their attention on carcinoma of 
the lung as a condition deserving of intensive investigation. The 
results of this scrutiny are to be found in the mass of literature which 
has been accumulating at an ever-increasing rate, and which has been 
responsible for a marked change in attitude toward this peculiarly 
interesting condition. Though all phases of the question have been 
extensively studied since the recording of Morgagni’s case™ in 1761 
and Bayle’s “phthisie cancéreuse’’’ in 1810, it may still be difficult 
for the casual reader to obtain a clear picture of the subject as a whole, 
being faced on the one hand by detailed compilations of data and on 
the other by brief case reports, or writings dealing with a limited or 
narrow phase of the problem. Textbooks are likewise of little help, 
particularly those of a clinical nature which tend to dismiss the matter 
with extreme brevity, merely emphasizing the rarity of the disease and 
the difficulties associated with the diagnosis. But it must be borne 
in mind that in reviewing briefly a subject such as bronchial cancer, 
little can be done other than to trace the evolution and moulding of 
opinions regarding the condition. This is in sharp contrast with the 
field of experimental medicine where controlled observations point to 
incontestable conclusions. No attempt has been made in the present 
paper to review the whole literature of carcinoma of the lung. Refer- 
ences will be made only to those publications which would appear to 
be the most authoritative and which most clearly demonstrate the 
trend of modern thought. 

Incidence. Carcinoma of the lung can no longer be considered a 
rare condition as was frequently stated, even as late as 1922.6 The 
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present incidence of the disease has attained a high position among 
all neoplasms. Barron® found carcinoma of the lungs and bronchi 
ranked sixth among all malignancies, while Rosahn™ placed it fifth. 
Rosedale and MeKay™ found carcinoma of the lung the third-com- 
monest cancer encountered in a series of 466 cases of malignancy of 
all types. Brines and Kenning” placed the lung second to stomach 
as a seat of primary malignant neoplasms in their necropsy material 
and fifth in their surgical specimens. Simpson™ found pulmonary 
cancer constituted 3.7% of his autopsies, while other figures vary from 
about 1 to 4% of all postmortems.“*® From the observations made 
in the Department of Pathology at the University of Toronto over a 
10-year period ending in 1936, the lungs and bronchi proved the third- 
commonest site for malignant epithelial tumors as seen at autopsy, 
being preceded only by the large bowel (including the rectum) and the 
stomach. Indeed, 1.17% of all autopsies were cases of bronchial can- 
cer, Which in turn constituted 17% of all cases of carcinoma. Though 
it is difficult to determine the actual present-day incidence of the 
disease, it must be considered comparatively common, while pulmon- 
ary tumors of other than a carcinomatous nature are now looked upon 
as being relatively rare.*! 

Nearly all are agreed that the condition is encountered with greatly 
increased frequency, and this has raised the controversial question of 
whether the increase is actual or apparent. In a survey of much of 
the European literature on the subject, Bonser® found a reported 
increase in the condition in 32 instances, a slight increase in 5 and no 
increase in only 8. Wahl,” from 1895 to 1927, found an increase in 
the incidence of cancer of the lung from 0.44 to 1.69% of all autopsies; 
Duguid,'® from 1885 to 1926, observed an increase from 0.24 to 2.57%; 
Kikuth,*” from 1889 to 1923, showed an increase from 0.02 to 0.86% 
and Barron,® from 1SS9 to 1921, an increase from 0 to 0.9% and so on. 
The increased frequency with which the disease is recognized is further 
emphasized when one considers that Adler,! in 1912, was able to collect 
but 374 authenticated cases, whereas a complete present-day summa- 
tion would number thousands with some reports, including a hundred 
or more from a single source. 

A few investigators believe that no increase has occurred in the 
incidence of carcinoma of the lung. Thus, Bonser®® was unable to 
demonstrate any change in the incidence of the condition in relation 
to total autopsies, total cancers, or hospital admissions at the Leeds 
Infirmary. Though this worker did observe that the highest incidence 
occurred during the 5-vear period ending in 1932, this was only slightly 
in excess of the incidence for the 5 years from 1908 to 1912. Similarly, 
Passey and Holmes,®* in a carefully controlled analysis of the avail- 
able statistics from some of the teaching hospitals of Great Britain, 
found no increase in the incidence of carcinoma of the lung in 8 instances 
ind a variable increase in 8 others. These writers considered that 
he increased incidence found in these latter was the result of special 
circumstances and did not indicate a real change. The statistics 
from several of these hospitals, from which it was deduced that no 
increase had occurred, had previously been reported in a different 
torm'® and had been considered indicative of an actual increase. 

Despite such reports as the foregoing, the great majority of authors 
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are agreed that the condition is now seen more commonly than for- 
merly. Most of them, however, consider the increase purely apparent 
and offer a variety of reasons in explanation of this. Important among 
these are the increased span of human life, and increased interest in 
the condition stimulated by both improved diagnostic equipment and 
the hope of carrying out successful intrathoracic surgical procedures.*:4 +! 
Other important factors are fashion in diagnosis” and the changed 
attitude of the pathologist who now recognizes to be actually primary 
carcinomata pulmonary lesions formerly considered metastatic, sar- 
comatous or inflammatory. 

It is obvious that increase in longevity, by allowing more people 
to reach the cancer age, should be accompanied by an increase in cancer 
in general. That this might be considerable can be appreciated when 
it is realized, as has been pointed out by Fried?” that the average 
span of life from the time of Tut-Anhk-Amen to the discovery of 
America was only IS years, at the time of the French Revolution 
(1789-1799) 33 years, and at the time of the Civil War (1S61-1S65) 
still only 45 vears.*> At present the average length of life is in the 
neighborhood of 58S vears. Corresponding with this increase in longev- 
ity, an apparent increase in the incidence of cancer in general has 
occurred, as pointed out by Wells,” who indeed considers that a “ high 
crude cancer death rate is evidence of a good state of public health.” 
Wells further states that cancer has probably increased only to the 
extent that people are kept from dying of other conditions. Despite 
the fact that gr: iphs can be prepared to show a parallellism between 
the increased life span, increase in cancer in general and increase in 
cancer of the lung in particular (as has been well done by Hruby and 
Sweany") many observers have found that the increase in lung cancer 
has far outstripped the increase in all others,” and this precludes 
an explanation of the increase of cancer of the lung on the basis of 
increased expectancy of life alone. 

There can be no doubt that clinical interest has been stimulated by 
the development of Roentgen ray, bronchoscopic and biopsy techniques, 
and by the more consistent recognition of bronchial carcinomata by 
the pathologist at autopsy. The effects of this interest, however, on 
autopsy statistics must be indirect and possibly slight, depending upon 
increased zeal in obtaining autopsy permission, and also, the keeping 
of patients with such lesions in hospital up to the time of death at the 
expense of many of the less interesting and better understood cases.” 

Although Simpson™ doubted that any improvement in clinical diag- 
nosis had occurred, and indeed found the greatest clinical error in the 
year 1924, the vast majority of investigators have noticed a great 
change. Bonser® noted an increase in the frequency with which the 
clinical diagnosis was made from 0.127 to 0.253% of all hospital admis- 
sions over a period of 41 years, while the incidence at autopsy remained 
constant. Weller,“ in 1913, found a correct diagnosis had been made 
in 11% of his cases; none of those reported by Scott and Forman,’ 
in 1916, were recognized clinically; but Brines and Kenning,” in 1937, 
found a correct diagnosis had been made in 73% of their series. One 
reason for this improvement in diagnostic skill is the many additional 
aids available to internists.’ Actually the value of the Roentgen ray, 
with or without the use of iodized oil, is questioned by some,® and 
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Fishberg”” considers a careful history and physical examination of 
much greater importance, particularly in the recognition of early cases. 
Histologic studies on sputum and pleural fluids are occasionally of 
assistance, but are of more use in ruling out tuberculosis and other 
infections.” Such examinations may also prove misleading, as is 
clearly shown in the case reported by Mills and Mumey® which was 
originally mistaken for a case of Entamoeba histolytica infestation. 
Bronchoscopy has proved the most valuable diagnostic aid as yet 
offered and has led to the recognition of many obscure cases.°*> 

Even with the numerous technical methods now available, it. still 
rests with the internist to recognize the indications for their use. Prob- 
ably many missed diagnoses were formerly the result of failure to think 
of bronchial tumors. Physicians are now, however, rapidly coming to 
realize that carcinoma of the lung must be included in their differential 
diagnosis when a patient in the “ cancer age”’ presents himself complain- 
ing of loss of weight, cough, dyspnea, chest pain and blood-tinged 

The third and one of the most important arguments favoring the 
conclusion that the increase in lung cancers is apparent rather than 
real has to do with the changed attitude of the pathologist. With the 
advent of bacteriology, and especially the identification of the tubercle 
bacillus, a sound basis was available for the differentiation of infectious 
granulomata from lung tumors, and probably many old cases, formerly 
classed as tuberculous, were actually neoplastic. With our present 
knowledge of the characteristics of the two conditions, it is seldom that 
they could be confused on gross examination and never on the basis 
of microscopic study. Some difficulty may arise, however, when the 
lesions are coéxistent. 

A further great step was made in the pathology of intrathoracic 
tumors with the recognition of the carcinomatous character of tumors 
formerly considered sarcomata of one kind or another. The gross 
characteristics of many primary bronchial growths, their tendency to 
form large mediastinal masses and to give rise to bizzare metastases 
Was probably misleading. Likewise, the microscopic picture may, and 
often does, closely simulate that of a sarcoma. These were possibly 
the sources of error responsible for the astonishing conclusion reached 
by Rolleston and Trevor,” in 1903, that sarcoma of the lung was 
commoner than carcinoma of the lungs and bronchi. In the light of 
our present knowledge, it is easy to identify as probably carcinoma, 
cases once reported as being sarcoma, such as those of Stevens® who 
considered carcinoma of the lung rarer and sarcoma commoner than 
was thought even at that time (1912). Adler’ referred, in 1912, to 
the tendency of lung cancers to assume a sarcomatous form, while in 
1926 Barnard,® after studying the nature of “oat-celled sarcoma” of 
the mediastinum, concluded, on the basis of both gross and microscopic 
appearance, that these were actually bronchial carcinomata. He ob- 
served 12 cases of oat-cell tumor, all of which showed, in addition, 
areas composed of cells which were indistinguishable from those of an 
epithelial type. More recently Boyd,'® using the special silver stains 
of Hortega (Laidlaw’s modification), satisfied himself as to the epithe- 
lial nature of these cells largely on the basis of the reticular arrange- 
iment. Duguid'® found many of the cases he reviewed had previously 
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been classed as lymphosarcomata. Though Weller* found a decrease 
in the incidence of sarcoma of the lungs concomitant with the increase 
in cancer, the number of sarcomata was too small to explain alone the 
increasing incidence of the epithelial growths. Frequent emphasis is 
laid upon the necessity of cutting numerous histologic sections from 
these sarcoma-like tumors,® thus greatly increasing the chances of 
establishing indubitably the epithelial character of the tumor. Simi- 
larly, it has been observed™ that if a sufficiently diligent search is made 
in bronchial cancers of a well-differentiated cell type, areas of tumor 
composed of small, anaplastic, sarcoma-like cells will be found in almost 
all of them. 

The dictum of Virchow and of Lubarsch that organs to which tumors 
were prone to metastasize were seldom the sites of primary growths, 
may have had considerable influence on the older pathologists, espe- 
cially since the lungs were considered a typical example of an organ in 
which secondary tumors were common and primary malignancy cor- 
respondingly rare. 

Though some authors consider it unsafe to say whether the increase 
in lung tumors is real or apparent,”” others suggest that the latter is 
actually the case.6!%°° of the strongest arguments favor- 
ing the conclusion that the increase is real, at least in part, is to be 
found in the reports of increased incidence coming from institutions 
which have been under the same supervision and have required the 
same standards of diagnosis for a number of years. An increase under 
such conditions has been reported by Rosahn,” Weller,’ Barron,‘ 
Klotz,’ Simpson, Duguid,'® Hunt*® and many others, and forms, in 
part, the basis of their belief in the reality of the increase. The major- 
ity of these workers also believe that the arguments offered in explana- 
tion of the change being purely apparent are not sufficiently convincing 
to allow any final conclusions in that regard. 

Statistics have been avoided, as the Reviewer is inclined to agree 
with the somewhat pessimistic opinion of Wells® as to their value. 
Their significance is further questioned when we find, as pointed out 
by Frissell and Knox,*! that Rosahn and Fried, using the same statistical 
material, came to opposite conclusions. Similarly, Kikuth*? and 
Breckwoldt,'"' using the same and analogous material, also came to 
opposite decisions, as has been previously mentioned by Bonser.™ 
Likewise, Passey and Holmes,®* in reviewing the same material as 
Duguid,'® were unable to support the original conclusion that a real 
increase in the incidence of lung cancer had occurred. 

It would appear, however, that much of the increase in bronchial 
carcinoma is apparent. How much of the increase is real will probably 
never be known, the world never having been in the state of a path- 
ologist’s Utopia where necropsy routinely follows death. Similarly, 
the true present-day incidence is uncertain, but nevertheless the con- 
dition must be considered sufficiently common and important to war- 
rant the attention it has been shown. 

Anatomic Varieties. At one time it was customary to differentiate 
between bronchial cancer and cancer of the lung parenchyma.***® 
This distinction can, however, for all practical purposes be discarded 
in favor of the modern view that they are one and the same. Indeed, 
Weller required, in order to consider a case proven, good evidence of 
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bronchial origin in addition to other stipulations. Simpson™ points 
out that the condition cannot be diagnosed with certainty macro- 
scopically. This is particularly true as regards the diffuse form to be 
referred to below. But when it has been established that an intra- 
thoracic tumor exists, carcinoma of the lung must be differentiated 
from sarcomata, pleural tumors, carcinoma of the esophagus extending 
to involve the lungs, metastases from inconspicuous primary growths 
and inflammatory lesions.™ 

Gross Anatomy. ‘The gross appearance of bronchial carcinomata is 
extremely variable and yields little information as to the cell type to 
be found microscopically; hence a gross classification is highly unsatis- 
factory.“ It is usual, however, to group them macroscopically as: 
|, Infiltrating hilar; 2, nodular, single or multiple; and 3, diffuse. 
Such a grouping as this, suggested by Fishberg”” and Weller, and 
indeed adopted by most pathologists, is considered as unsound by 
Fried,?“* who records several cases to support this point. Fried con- 
siders that nearly all these carcinomata originate in close relationship 
to the hilum. He further doubts that any purpose is served by sepa- 
rating the diffuse and nodular forms, considering these to be mutually 
transposable. Despite this criticism some form of general gross group- 
ing is desirable and useful. 

The hilar infiltrating form is by far the commonest, and according to 
Weller* probably constitutes about 90% of all bronchial growths, 
though Frissell and Knox" classified only 49% of their cases as such. 
Tumors of this type tend to form masses about the bronchi, usually 
at the root of the lung, with stenosis and ulceration of the lumina, and 
to extend peripherally around the blood-vessels, bronchi and over the 
pleura SO as eventually to involve the major portion of a lobe or lung. 
It is this form that frequently gives rise to massive involvement of the 
peribronchial and mediastinal lymph nodes, which may attain an enor- 
mous size, while the primary growth may remain comparatively 
small.“ The consistency of these hilar infiltrating growths is highly 
variable, depending largely, as is true of carcinomata elsewhere, on the 
cellularity of the growth, the density of the stroma and the extent of 
necrotic changes within the tumor. Frequently, hilar tumors are 
encountered with stenosis but no ulceration of the bronchus, and these 
often prove to be of a mucoid nature both in their gross and microscopic 

The nodular form of primary lesion is comparatively rare. Usually 
this takes the form of multiple small circumscribed masses scattered 
through the lung parenchyma, varying from the size of a pinhead to 
that of a bean or larger and tending to coalesce in the advanced stages. 
It is frequently difficult or impossible to demonstrate any gross rela- 
tionship of the tumor to bronchi. Thus there arises considerable 
difficulty in ruling out multiple metastases from an obscure primary 
growth. This is particularly true when the nodules are scattered 
uniformly throughout both lungs, rather than being confined to one 
portion of a lobe or lung. The multiplicity of nodules of fairly uniform 
size has led many to consider this as evidence of a multicentric origin.*” 
\ rarer form of the nodular type is the single, peripherally located 
growth described by Adler.'. These are exceedingly rare but the 


44? PROGRESS OF MEDICAL SCIENCE 


Reviewer has observed 1 such case. It is probable that these arise 
from the peripheral rather than hilar bronchi. 

The diffuse form is also comparatively rare and, indeed, doubt has 
been expressed by some as to its actual existence, considering it merely 
a variation of the usual picture and not an entity in itself? Here the 
gross appearance of the lung may closely simulate a pneumonic con- 
solidation or interstitial fibrosis and the true nature of the process may 
not be recognized until microscopic study is carried out. Even then, 
all other possible sources must be excluded before one concludes that 
the tumor originated within the pulmonary tissues. Frequently these 
growths prove to be composed of cuboidal or evlindrical cells growing 
in a papillary adenomatous manner and lining the air spaces. This is 
the picture usually referred to when a pulmonary tumor is said to have 
had its origin in the lining cells of the alveolar spaces. Two such cases 
have been observed by the Reviewer. In one of these, the involved 
lung showed nothing in the gross other than collapse associated with 
a massive serous pleural effusion. In the second case, the appearance 
of the lung was typical of a chronic organizing pneumonia. It is of 
considerable interest that in both these cases a correct clinical diagnosis 
was made but could not be confirmed at autopsy until examination of 
microscopic sections revealed the diffuse malignant processs. 

The secondary effects produced by a bronchial tumor are often 
extensive and may at times be confusing. Most of these are the result 
of interference with respiratory function, obstruction to the drainage 
of bronchial secretions and infection. These factors may lead to atelee- 
tasis, fibrosis, bronchiectasis, lung abscess, empyema, pneumonia and 
occasionally emphysema.” Often the symptoms resulting from 
these changes dominate the clinical picture. 

Histogenesis. A histogenetic grouping of pulmonary tumors is even 
less satisfactory than a gross classification. This is due in part to the 
infrequency with which extremely early growths are encountered where 
their origin can be traced, and in part due to the inconstant histologic 
picture presented by the growths. Despite this, histogenesis is used 
by some as a basis for classification.” 

The epithelial elements of the lung from which carcinomata might 
arise consist of the bronchial mucosa and glands and the alveolar 
lining cells.°°. The bronchial mucosa is composed of the superficial 
cylindrical cells (which are mostly ciliated, goblet cells occurring only 
at intervals), an intermediate layer of replacement cells and the basal 
formative cells. The bronchial mucous glands and their ducts are 
lined by cylindrical, non-ciliated, mucous and seromucous secreting 
cells. Passing down the bronchial ramifications to the terminal 
bronchioles, the lining epithelium becomes lower and lower, cilia and 
goblet cells disappear, until finally in the respiratory bronchioles it is 
composed of a single layer of low cuboidal or flattened cells.°°* A 
further transition occurs in the alveoli where the lining cells are of a 
flattened type. The peculiar activities of these cells have led many?™-® 
to doubt their epithelial character. Recently, however, on the basis 
of animal experimentation, Gazayerli® concluded that the normal 
lining consists of flattened, nucleated, epithelial cells and, in addition, 
scattered cuboidal cells of the reticulo-endothelial system with a 
phagocytic function (septal cells). 
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The difficulty in classifying pulmonary cancers in relation to these 
cell types arises from the fact that there is usually little resemblance 
between the tumor cells and normal pulmonary structures, and thus a 
histologic connection is difficult to establish. The greatest difficulties 
are encountered in the undifferentiated small-cell carcinomata and the 
completely differentiated epidermoid tumors with pearl formation. 
Furthermore, many growths show pleomorphic tendencies, and adeno- 
matous, epidermoid and sarcoma-like areas may be found in the same 
tumor or even in the same section.2 

Actually, the ability of the alveolar lining cells to give rise to tumors 
is extremely doubtful and denied entirely by some, though Adler! con- 
sidered a case reported by Marchand®® to be conclusive evidence that 
growths may occasionally arise from this source. The reader may be 
referred to Fried’s excellent discussion of this phase of the problem. 
In this connection, one of the most striking cases is that reported by 
Gray and Cordonnier,*’ who accidently discovered in the course of 
routine microscopic study three separate minute cancer masses in lungs 
from the same case. Two of these had the appearance of arising from 
the epithelium of the ductus alveolaris, while the third resembled an 
early lymphatic metastasis. Recently, Sweany™ described in detail a 
diffuse carcinoma of the lung to which he referred as a “so-called 
alveolar carcinoma.” In this case the author suggested an origin from 
the epithelium between the lower respirators bronchioles and the alveoli. 
Fried?’ believing that all growths originate from the bronchial basal 
or germinal cells, emphasizes the futility of a histogenetic classification. 

Histology. On the basis of the foregoing discussion, it is evident 
that both gross and histogenetic classifications are not completely 
satisfactory. The only remaining possibility is to classify bronchial 
carcinoma according to the histologic picture. This has frequently 
been done and has proved by far the most satisfactory grouping. The 
multiplicity of cell types has naturally resulted in some confusion and 
has encouraged somewhat lengthy and often unwieldy classifications. 
Thus, Shennan* recognized six histologic groups with severe subdivi- 
sions, and Fried*“¢ described five types. Actually it would appear 
that all carcinomata of the lung could be grouped as either undifferenti- 
ated, evlindrical cell, or epidermoid cell. 

The true incidence of these various types is difficult to determine. 
In 23 cases recorded by Boyd,' 17 could be classed as undifferentiated 
(anaplastic 13, medullary 4), 5 as epidermoid and only 1 as cylindrical 
cell (adenocarcinoma). Simpson,” Bonser,“? Frissell and Knox* and 
others have also found the anaplastic type the commonest. But 
Weller™ found 25 of his cases to be epidermoid, 20 cylindrical and 
10 polymorphous, and Brines and Kenning’s figures agree with these 
very closely. On the other hand, Barron,® Moise® and others have 
encountered the cylindrical cell growths most frequently. A review 
of 52 cases in the Department of Pathology of the University of Toronto 
reveals that undifferentiated growths occurred in 26 instances, cylin- 
drical cell in 15 and epidermoid in 11 cases. The available statistics 
regarding this problem are not satisfactory for analysis and inconsis- 
tencies such as those above are to be found throughout the literature. 
This is probably in part due to failure to recognize some of the undiffer- 
entiated tumors and in part due to different criteria for classification 
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being required by different pathologists.“ Though Fischer-Wassels*’ 
estimated a quarter of all pulmonary growths were of the undifferen- 
tiated type, a general survey led the Reviewer to believe that about 
40% of the growths took this form while approximately 30% of the 
reported cases fell into the cylindrical cell group and 30% into the 
group of epidermoid tumors. 

The class of undifferentiated tumors comprises those anaplastic growths 
in which it is impossible to determine the type cell giving rise to the 
tumor. It would include the small spindle and oat-cell growths and 
probably many of the cases reported as medullary cancer and carci- 
noma simplex. Typically these tumors are composed of extremely 
cellular aggregations of small round or spindle-shaped cells with scanty 
cytoplasm and small, deeply staining nuclei.2 Ordinarily the stroma 
is delicate and has a relation to the cell masses characteristic of a 
carcinoma.'® Nearly always, if sufficiently diligent search is made, 
cells can be found differentiating out into either a cylindrical or squa- 
mous type and occasionally both may be seen in the same case.>:™ 
It is this type of growth which tends to produce the tremendous medi- 
astinal masses and was formerly considered to be other than carcino- 
matous in nature.“ It is the finding of areas of greater differentiation 
in this type of tumor which lends weight to the contention that all 
bronchial growths spring from the germinal or basal layer of the bronch- 
ial mucosa, as has been suggested by Fried,*“¢ or from cells having a 
common ancestry.°? 

The cylindrical cell carcinomata of the bronchi do not differ materially 
from those found elsewhere in the body. The more fully differentiated 
ones present the typical appearance of an adenocarcinoma, being com- 
posed of gland-like structures lined by one or more layers of cuboidal 
or cylindrical non-ciliated epithelium. Mucous secretion is common 
and this as well as the histologic resemblance to bronchial mucous 
glands gave rise to the theory that these tumors actually did originate 
in these glands. However, the fact that all degrees of undifferentiation 
are seen in these tumors,” the presence of goblet cells in the bronchial 
lining,®’ and the common parentage of all the respiratory epithelium®?:” 
suggest that they might equally well have had their origin from the 
bronchial mucosa itself. Frequently, adenocarcinomata of the lung 
show a strong tendency to line the alveoli, using the normal structure 
as a supporting stroma. This has led some to suggest an alveolar 
origin for these growths. However, since a similar state of affairs is 
not uncommonly seen in secondary tumors in the lungs,®® and since 
the nature of the alveolar lining cells is still in doubt, it is unsafe to 
draw any final conclusion. 

The epidermoid cell type usually offers little difficulty in recognition, 
but some pathologists required the formation of pearls and typical 
intercellular bridges before admitting a case to this class. It would 
seem more reasonable, however, to admit into this group the less com- 
pletely differentiated types which resemble epidermoid carcinomata 
elsewhere in the body. Many of the older pathologists*:'* and others®*:*! 
consider these tumors to be either of alveolar origin because of their 
flattened cells, or else derived from cell rests. Later, it was frequently 
suggested that they arose from metaplasia of the bronchial epithelium 
as this condition is not infrequently observed and especially in lungs 
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which are the seat of a malignant process.°* Furthermore, it is this 
type of tumor which tends to occur in relation to chronic inflammatory 
conditions where metaplasia would be expected to occur. Examples 
of such tumors are those apparently originating in the walls of tubercu- 
lous and bronchiectatic cavities. The similarity in their essential 
character to the anaplastic tumors is to be seen in the areas of small 
round and spindle cells also encountered in these growths. Simpson™ 
points out that they may give rise to secondaries composed of “ oat 
cells.” 

It would appear that the most satisfactory grouping is this simple 
classification based on the microscopic picture which is depicted graphi- 
cally by Weller“ as a Y, the stem representing the anaplastic group. 
The two arms of the Y represent differentiation toward the epidermoid 
or cylindrical cell types, the upper extremities of the arms indicating 
the highest degrees of differentiation. Brines and Kenning,” and also 
Samson” have successfully applied this method of grouping, though 
the former would further simplify it to only two types, differentiated 
and undifferentiated. 

Metastases. ‘The peculiar tendency of bronchial cancers to give 
rise to widespread metastases has long been recognized. Metastases 
were recorded in 280 of 374 cases collected by Adler! Fried? observed 
metastases in all but 3 of his series of 47 cases. Similarly, all who have 
investigated the problem have been struck with the frequency and wide 
dissemination of the secondary deposits. 

Almost every tissue and organ of the body has been recorded as the 
site of metastasis, but the highest incidence of extrathoracic deposits 
is in cervical lymph nodes, liver, abdominal lymph nodes, kidneys, 
suprarenals, bones, brain, pancreas, and thyroid, in about that order 
of frequency." "Purnbull and Worthington*® found bronchial 
growths the commonest source for metastases in bones. The frequency 
of central nervous system and bone deposits varies widely in different 
reports, but discrepancies are probably dependent on the extent of the 
postmortem examinations. 

The incidence of metastases to brain is of the greatest interest because 
of their high frequency and the widely accepted statement that cancer 
spreads via lymphatics. Fried and Buckley*® were particularly inter- 
ested in this problem and found 15 central nervous system metastases 
verified by operation or necropsy in 38 cases studied. They attributed 
this high incidence to a hematogenous spread and were able in all 
these cases to demonstrate invasion of blood-vessel walls and lumina 
by tumor. Boyd!® cites a similar experience. An analogy has been 
suggested between brain abscesses secondary to pulmonary suppura- 
tion and intracranial tumor deposits secondary to primary bronchial 
growths. As Fried*® points out, the situation of the lung in the circu- 
latory system would favor generalized hematogenous dissemination 
und the formation of metastases in the brain. Tumor emboli from 
rimary sources other than the lungs would tend to be filtered out in 
hese organs and thus fail to reach the brain or indeed the bones and 
other tissues having no close connection with the primary lesion. 
\Moise® had previously suggested a hematogenous spread as the expla- 
nation of the widely disseminated metastases. 

Although Boyd'® was unable to demonstrate any correlation between 
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the tendency of bronchial cancers to metastasize and the cell type or 
the degree of cell differentiation, Samson” arrived at a somewhat 
different decision in analyzing 100 carefully selected cases. These 
eases included 34 of his own, the remainder being selected from the 
literature on the basis of the completeness of the reports. By grouping 
the tumors as undifferentiated, squamous cell or adenocarcinomata 
and applying the “coefficient of association”? he found the following 
characteristics: The adenocarcinomata showed a predilection for the 
central nervous system, adrenals, kidneys, both lungs and to some extent 
the liver and bones. This was explained on the basis of a hematogenous 
spread with involvement also of the thoracic and abdominal lymph 
nodes. The squamous-cell group was largely restricted to local exten- 
sion with involvement of the bronchial lymph nodes only. The undif- 
ferentiated cell type showed extensive Ivmphogenous spread which 
was associated with involvement of pancreas, liver and spleen. This 
is in keeping with the observations of Fried®’ who failed to find any 
squamous or oat-cell tumors among 15 bronchial carcinomata with 
central nervous system metastases. The tendency of epidermoid 
bronchial tumors to extend by local and regional invasion has in the 
experience of the Reviewer been striking, with the exception of a single 
case of a well-differentiated epidermoid growth which had given rise 
to metastases In many organs, including the brain 

These facts have their clinical application, indicating as they do 
that the squamous-cell tumors offer the best prognosis where surgical 
intervention is undertaken." Moreover, it must be borne in mind 
that the presence of central nervous system metastases is apt to lead, 
and to subsequent 


in a large number of cases, to an incorrect diagnosis® 
treatment which at the best could be but palliative. 

Etiology. Much has been written regarding the etiology of bronchial 
carcinomata and it is generally concluded that these neoplasms are 
subject to the same laws as govern the development of carcinomata 
elsewhere in the body.” 

Climate and Race. It would appear that climatic conditions have 
little if any effect on the incidence, though the disease is seen with 
greater frequency in Great Britain than in continental Europe.” 
Likewise, racial influences, although they have not been very exten- 
sively investigated, are apparently of little significance.6 However, 
it does appear that the white races are more susceptible than the 
colored.!. Brines and Kenning,” at the Receiving Hospital, Detroit, 
Mich., observed that 50% of their cases were of Central European 
birth or extraction. ‘Too few studies, however, have been made along 
these lines to permit any final conclusions. 

Age. Cancer of the lung is essentially a disease of middle life. 
Though cases have been reported at both extremes of age,** all authors 
are agreed that the vast majority occur between the ages of 40 and 70, 
with the peak in incidence between 50 and 60 yvears.% °°?“ 

Sex. The sex incidence of bronchial cancers is rather striking, since 
the disease is comparatively uncommon in females. The figures on 
the male to female ratio vary from 2 to | to 4 to 1.6% 729% Tn a 
series of cases studied by the Reviewer there were 49 males and only 
5 females. A few observers have noted an even more extreme pre- 
ponderance in males,'® but the majority of such reports deal with a 
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comparatively small number of cases. It has been suggested that 
much of the apparent increase in the disease has been due to its increased 
incidence among men. Careful analyses, however, such as were carried 
out by Bonser™ fail to support this suggestion. 

Occupation. This preponderantly male sex incidence has led many 
to search for some habit or occupation peculiar to the male which might 
be related to the origin of pulmonary growths.’ Particular endeavor 
has been made to establish an occupational linkage. 

Brockbank,” in a series of 62 cases, found that 14.5% had pursued 
dusty trades while 29% had been exposed to fumes. Rosedale and 
Mekay ™ found 75% of their cases had been exposed to dusts, and other 
similar instances are to be found in the literature.” In marked con- 
trast with these reports are the figures of Frissell and Knox,*! who found 
that only 3 of their 46 cases had been exposed to dusty atmospheres. 
The vast majority of those who have studied the problem feel that the 
results of efforts to establish an occupational correlation have, on the 
whole, been disappointing.“ Sporadic reports of bronchial car- 
cinomata occurring In particular occupations are constantly appearing 
in the literature, but a summation of these fails to disclose any abnor- 
mally altered incidence. An exception to this is to be found in the 
incidence of the much discussed lung tumors encountered among the 
miners at Joachimstal’? and Schneeberg.’“@° It is estimated that 
approximately 50 and 70% respectively of these miners, exposed for a 
sufficiently long time to the conditions of these mines, eventually die 
from bronchial carcinoma. The etiology of these tumors will be 
referred to later. 

Naturally the occupations which have been most extensively investi- 
gated are those necessitating the inhalation of air contaminated by 
irritants, either physical or chemical.!. Much can be learned from the 
excellent report on the problem by Kennaway and Kennaway,* despite 
the fact that a large portion of their statistical data was obtained from 
death certificates. These investigators were unable to find any sig- 
nificant occupational incidence but observed that the highest incidence 
occurred among open air workers exposed to road dusts, with the 
exception of motor vehicle operators. Metal grinders and those ex- 
posed to coal gas, tar and tobacco dusts also showed a slightly greater 
incidence of lung cancers than the general population. Others, includ- 
ing Simpson,™ have also noted a high incidence among open air workers, 
but Bonser® was unable to support this finding, since the majority 
of her cases were indoor workers. 

The observation has often been made that cancer of the lung is 
primarily a disease of the laboring classes.'* Though this may be true, 
the statement should be accepted only with reserve, since the majority 
of patients admitted to most of the large hospitals and institutions 
are of the laboring class, while the well-to-do patronize private hospitals 
and fail to come to autopsy. 

Chronic Irritation. Approaching the problem from a different point 
of view, many investigators have made an equally exhaustive search 
for specific causes of bronchogenic cancers. Though none has been 
satisfactorily proven, it now appears highly probably that chronic irri- 
tation of the respiratory tract is of the greatest possible significance.” 
lhe irritants that have been incriminated include gross acute trauma, 
acterial, physical and chemical agents. 
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Trauma. This is in all likelihood of no significance.'’ Reports 
of cases of bronchial ec: aidieian apparently developing after an injury 
to the chest are scattered throughout the literature, but the majority 
are inconclusive. The most convincing is that recorded by Wells and 
Cannon.* In this particular case, the injury was immediately fol- 
lowed by the development of subcutaneous emphysema and hemoptysis, 
indicating that damage to the pulmonary tissues had occurred. Roent- 
gen ray and physical examination revealed no neoplasm at that time. 
Two years after the accident, death occurred from a primary pulmonary 
cancer situated peripherally in the lung immediately beneath the site 
of the injury. It is, of course, impossible, as Wells himself admits, to 
prove that a minute neoplasm did not exist prior to the occurrence of 
the trauma. 

Infections. As regards the relation of bacterial infections to carci- 
noma of the lung, attention in recent years has centered largely in the 
possible influence of influenza. This was probably stimulated by the 
apparent increase in bronchial growths observed by some workers as 
corresponding with and following the epidemic of 1918-1920.° Peeu- 
liar lesions sugge sting precancerous changes have long been recognized 
as occurring in the lungs in association with inflammatory conditions.** 
These changes, following influenza, were well described by Winternitz 
in 1920.%° They took the form of active epithelial proliferations which 
often advanced to such an extent as to resemble “an infiltrating malig- 
nant epithelial neoplasm.” Winternitz®* also observed very similar 
changes in the lungs of rabbits following the insufflation of dilute 
hydrochloric acid. Askanazy* observed that squamous metaplasia in 
the bronchi was common in individuals dying from influenza. Clinical 
studies have failed, however, to show any convincing relationship 
between influenza and bronchial tumors.**¢** Many writers have 
observed that the peak in the alleged increasing incidence of bronchial 
cancer was reached prior to 1918, and no undue increase in the incidence 
of the condition was recorded following the influenza epidemic of 
1894.%:-% Furthermore, relatively few patients suffering from carci- 
noma of the lung give an antecedent history of influenza, and doubt 
has also been expressed as to the ability of a single acute infection to 
initiate changes leading to the development of cancer.?™ 

Among the chronic infective pulmonary lesions, tuberculosis has been 
accused most frequently of being one of the causative factors responsible 
for bronchial carcinoma. Cancer of the skin following lupus vulgaris 
is frequently pointed to as an analogous example. Ewing,” in 
1928, stated that tuberculosis was the chief etiologic factor, basing his 
conclusions on the apparently frequent coéxistence of the lesions as 
reported by some authors. Barron® also considered tuberculosis as an 
important factor. Actually, tuberculosis is encountered not infre- 
quently in association with bronchial growths, but it is doubtful if the 
association of tuberculosis is any commoner with carcinoma of the lung 
than with other diseases. Usually there is no evidence of anatomic 
relationship between the two processes and more often than not the 
tuberculous lesions are entirely inactive. In 139 cases studied by 
Simpson™ evidence of tuberculosis was found in only 47. In 6 of these 
the tuberculous process was active; in 7, healed nodules were found in 
the lungs; and in 34 there were only calcareous hilar and mediastinal 
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glands. Frissell and Knox* observed tuberculous lesions in only 18.6% 
of their cases, while Sison and Monserrat, in the Philippines, noted 
that the incidence of lung cancer was low while that of tuberculosis 
was high. Fried*“’ found a lower incidence of malignancy among a 
group of tuberculous cases than in a similar group of non-tuberculous 
individuals. Similar experiences have been reported by Lubarsch,® 
while Léizaga and Vivoli® encountered but 1 carcinoma of the lung in 
2400 autopsies on tuberculous patients. Fishberg*® suggests that the 
presence of a pulmonary neoplasm may by pressure activate an old 
tuberculous focus, but considers the association of the two conditions 
uncommon. Fried*** has recently reported a series of 13 cases in which 
the lesions coéxisted. While tuberculosis cannot be considered a com- 
mon etiologic factor, it would seem reasonable to agree that those 
carcinomata reported as arising in tuberculous cavities are probably 
the result of the chronic inflammatory changes and consequent meta- 
plasia, but this does not imply any carcinogenic effect on the part of 
the tubercle bacillus itself. 

Non-specific chronic inflammatory lesions of the lungs would appear 
to be of considerable importance as a predisposing factor. Thus 
squamous-cell growths arising in bronchiectatic cavities are not rare. 
Marron® suggests that the bronchiectasis is more likely the result rather 
than the cause of the growth. Though this is certainly often true, it 
is not always so. The Reviewer has observed 1 case in which the 
tumor formed the walls of a bronchiectatic cavity in an individual who 
had suffered from bilateral bronchiectasis for at least 15 years.  Fre- 
quently, it is possible to elicit a history of chronic bronchitis, recurring 
attacks of pneumonia or other low-grade inflammatory pulmonary con- 
dition in patients suffering from a bronchial growth?” — It is even 
commoner to find gross and microscopic evidence of chronic pulmonary 
inflammation at autopsy.’ Caution, of course, must be exercised in 
expressing an opinion as to whether or not these chronic inflammatory 
changes antedated the development of the neoplasm. Gray and Cor- 
donnier’s case*’ is an excellent example of an extremely early growth 
in a chronically diseased lung. These chronic and apparently non- 
specific conditions are frequently the sequel to previous acute events 
and probably of greater significance than the original acute irritation.®° 

The relationship between chronic inflammation of the lungs and 
carcinoma is probably dependent upon injury to the epithelial elements 
with regeneration and often metaplasia. That metaplasia does occur 
in association with many conditions, including tuberculosis, bronchiec- 
tasis, fibrosing pneumonias, collapse of the lung and chronic bronchitis 
has frequently been pointed out.*% °° Geschickter and Denison® 
and von-Glahn® noted that squamous-cell tumors of the lung were 
commoner in the upper age group and it is in the aged that metaplastic 
changes are most often observed.°° The bronchiectasis with meta- 
plasia which has frequently been observed in laboratory rats and on 
occasion erroneously described as a squamous-cell tumor cannot be 
considered comparable to the disease in man, since it has a totally 
different etiologic background.*®* 

Syphilis of the lung has occasionally been recorded as being associated 
with bronchial cancer™ but is rare and probably bears no causal rela- 
tionship other than that of a chronic irritant. Even rarer is the asso- 
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ciation of pulmonary cancer and parasites, even those parasites notori- 
ous for their ability to initiate neoplastic lesions elsewhere““! Eggers” 
quotes | case reported by Babes of bronchogenic cancer associated with 
trichinosis. 

Chemical and Physical Agents. The alleged increase in the incidence 
of lung tumors has resulted in an analysis of the habits of modern 
civilization in the hope of discovering some predisposing factors. Thus, 
smoking of tobacco, exposure to dust from tarred roads and the in- 
halation of fumes from gasoline engines have all been incriminated. 
MeNally® suggested that nicotine, phenol bodies, pyridine bases and 
ammonia, contained in cigarette smoke, were irritants which could 
account for “cigarette cough,”’ chronic bronchitis, leukoplakia and the 
recorded increase in cancer of the lung. Hoffman,*® on the basis of 
elaborate and confusing statistics, concluded that smoking habits 
unquestionably increase the liability to cancer of the mouth, esophagus, 
larynx and the lungs. Hoffman adds the astounding statement that 
non-smokers are subjected to the same dangers owing to air pollution 
by smokers. However, it is more than likely that smoking is of abso- 
lutely no importance. The available statistics are open to far too 
many objections to bear any weight. Bronchial cancer is common 
among non-smokers, and indeed Brockbank™ found but 14.5% of his 
‘ases heavy smokers, while 21% were non-smokers. Furthermore, if 
smoking were a factor of any importance it is probable that a striking 
change in sex incidence would have been observed owing to the rapidly 
growing prevalence of the habit among modern women.*” 

The development of tarred roads led to much speculation as to a 
possible etiologic relationship. Some weight is lent to this idea by 
such observations as those of Kennaway and Kennaway,” who noted 
an increased incidence of cancer of the lung among open air workers 
exposed to road dusts. It seems remarkable, however, that this 
observation did not apply to motor vehicle operators who surely suffer 
a similar exposure. Though a high incidence of lung tumors has been 
reported from regions where road tarring is not practised,'? Campbell” 
does not consider this an argument against an etiologic relationship, 
stating that dust from such roads may be carried tremendous distances 
by the air currents. This cannot, however, be considered tenable in 
view of reports from communities!’ where the injurious agents would 
have to be carried hundreds or even thousands of miles. Campbell! 
found a high incidence of warts which underwent malignant changes 
in laboratory animals exposed to dusts from tarred roads, but no pul- 
monary neoplasms developed. Passey and Holmes,** carefully analyz- 
ing the problem, point out that the alleged increase in lung cancer in 
Great Britain appeared prior to the tarring of roads. They further 
suggest that if the time factor required to produce growths in animals, 
as demonstrated by Campbell, were applied to man, the effect of road 
tarring should just now be making itself felt. 

Fumes from gasoline engines and pollution of the air in industrial 
centers!®:’? can be considered under the same category of etiologic 
agents as dusts from tarred roads. There is certainly no direct evi- 
dence to connect lung cancers with the first of these. Though a high 
incidence of carcinoma of the lung has been noted in some industrial 
centers where air pollution was great, an equally high incidence has 
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been observed in rural communities.!° It has also been noted that 
there is no undue occurrence of the disease among mechanics and 
garage workers who are constantly exposed to a polluted atmosphere. 
Although Kimura,** in 1923, reported an adenoma of the lung in a 
rabbit and an adenocarcinoma of the lung in a guinea-pig following 
the insufflation of coal tar, Smith,” in 1928, was unable to produce 
pulmonary tumors in mice by exposing the animals to pitch fumes, 
products of an internal combustion engine, or by painting the skin 
with gasoline. Although Smith thus found nothing to support the 
theory that fumes from coal tar or gasoline were of importance in human 
cases of bronchial cancer, reports such as that of Kawahata® are most 
suggestive. This investigator observed 12 cases of the disease among 
employees tending furnaces for gas production, where the air contained 
several tar derivatives with unknown carcinogenic properties. Recently, 
Seelig and Benignus’® found S adenocarcinomata of the lung in 100 mice 
exposed to coal soot, while only 1 tumor developed in their controls. 
It must be concluded, however, that the evidence incriminating inhaled 
tar products as a cause of cancer of the lung in human beings is as vet 
far from convineing. 

The peculiarly high incidence of bronchial cancers seen among the 
miners at Schneeberg and Joachimstal, and previously referred to, has 
also led to speculation regarding the possible presence of a specific 
agent in the mine dusts. The dusts of both mines are radioactive and, 
in addition, contain bismuth, cobalt, nickel and arsenic. Analysis of 
lungs obtained at autopsy from miners at both these sources have 
proved entirely negative as to radioactivity and any significant chemical 
content. As pointed out by Pirchan,’® these negative results do not 
rule out the possibility of a chemical factor, no trace remaining owing 
to its rapid removal. Arsenic has been suspected because of its known 
carcinogenic effects upon skin.’ Schmorl’“¢ was impressed by the 
constant and marked pneumoconiosis found in association with the 
growths at Schneeberg, and he originally believed that physical irritation 
was the probable cause of the tumors. Later, he suggested that the 
radioactivity as well as the arsenic content of the dust might be addi- 
tional factors.“ Mice exposed to the mine dusts showed only negative 
results.“4 The Schneeberg mines are described as damp, infested with 
a variety of moulds and conducive to the development of chronic 
bronchial catarrh’” which in itself might be of some importance. At 
Joachimstal, pneumoconiosis Was not a prominent feature, as shown 
by Pirehan,’® but the lungs of miners dying with pulmonary growths 
presented a picture otherwise morphologically identical with that 
described by Schmorl. Pirchan was inclined to consider the radio- 
activity of the mine dusts and air as the most probable specific agent. 
It is said that the incidence of carcinoma of the lung is decreasing at 
Schneeberg following the introduction of respirators,?*? which suggests 
that the factors responsible for the pneumoconiosis are also related to 
the production of the growths. On the other hand, respirators have 
been used at Joachimstal and the incide nce of tumors remains high, 
while pneumoconiosis is uncommon.’® This problem, though fasci- 
nating, is confusing in the extreme jo can by no means be considered 
ettled. 

Silica has frequently been considered as a possible etiologic agent and 
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a number of cases of silicosis associated with carcinoma of the lung have 
been reported. However, it has been pointed out by Simpson” and 
Passey,®® and more recently, by Vorwald and Karr,” that cancer of the 
lung is rare among South African gold miners, while silicosis is common. 
Indeed, the latter investigators found a slightly diminished incidence of 
the disease among silicotics as compared with the population at large. 
This failure to show an increased incidence is in accord with the earlier 
observations of Pancoast and Pendergrass,®’ Allen* and others. How- 
ever, numerous cases where silicosis and cancer of the lung have co- 
existed are now to be found in the literature.'’ ])ible! 
and others believe there may be a direct relationship. Willis and 
Brutsaert® observed tumor-like structures surrounding the bronchi of 
several guinea-pigs from a series of animals exposed to silica for long 
periods of time. They concluded that these lesions were in all proba- 
bility a hyperplastic response to the irritating silica. The Reviewer*® 
reported recently an extremely high incidence of bronchogenic car- 
cinoma in a small series of silicotics numbering 50, 9% of which showed 
primary epithelial malignancies of the lungs in addition to the lesions 
resulting from prolonged exposure to silica. It was, therefore; sug- 
gested that silica might in certain cases be a specific predisposing factor. 

Ewing™ suggested that pulmonary carcinoma might possibly arise 
from bronchial papillomata. This must indeed be rare as the incidence 
of benign epithelial bronchial growths is exceedingly low. In reviewing 
the literature up to 1935, reports of only 58 benign bronchial growths 
of all types were encountered, and only 18 of these were sufficiently 
well described to be classed as epithelial. The remainder was composed 
of tumors referred to as polypi, granulomata, chrondromata, lipomata 
and so forth. 

Heredity. A discussion on the etiology of cancer of the lung would 
not be complete without reference to hereditary factors which may 
prove to be of extreme importance. Though no hereditary factor has 
ever been satisfactorily demonstrated in carcinoma of the human lung,* 
Slyve* and others find an extremely strong hereditary predisposition in 
mice. By careful breeding, it is possible, as has been frequently demon- 
strated, to develop cancerous and non-cancerous strains. On the basis 
of such studies as have been made on tumors in identical twins, Lock- 
hart-Mummery™ concludes that the “intrinsic factor of hereditary 
susceptibility to tumour formation in human beings is of far greater 
importance than the extrinsic or environmental factor.’’ Fischer- 
Wassels*’ also apparently believes this to be of considerable importance 
in relation to cancer of the lung in man, and suggests that the probable 
sequence of events in the development of such a tumor is hereditary 
predisposition, irritation, repair with excessive proliferation and finally 
malignancy, and one finds it difficult not to agree. 


Max QO. Kuortz. 
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CHANGING CONCEPTIONS OF SCARLET FEVER. 


Severity. Pope” in 1926, using Chapin’s material, reviewed the 
experience of Providence, R. I., in regard to scarlet fever in the years 
from 1865 to 1924. The death rate for children of ages from 2 to 4 
had decreased in this interval from 691 to 28 per 100,000 (or to about 

25 of the rate of 70 years ago) but the attack rate had not presented 
a corresponding decrease. The decrease in the number of deaths 
could not be attributed to a lower average prevalence nor to any 
changes in the population, but must have been due to the lessened 
severity of the disease. In ISS6-SS8, 1 in every 5 cases died, while 
in 1923-24, only 1 of every 114 cases ended fatally. 

In a recent (1933) publication, Woods*! has shown that a similar 
change has occurred in England and Wales. While the population of 
children exposed to risk has increased some 40%, the deaths from scarlet 
fever are less than 1/25 of the absolute number recorded SO years ago. 
In the face of this decrease in the death toll, the disease has not dimin- 
ished generally in prevalence. The decrease in the number of fatalities 
is due to the lessened severity of the disease. 

These observations could be amplified and corroborated by a review 
of other reports, but the general facts are well established and appre- 
ciated. Although the decrease in the case fatality rate has been more 
rapid in some areas than in others, perhaps more marked in southern 
than in northern climes, and more apparent during endemic than 
during epidemic prevalence, it has become general throughout Europe 
and America. From a fearful and highly fatal malady scarlet fever 
has become a relatively mild and, in the vast majority of instances, an 
innocuous ailment. 
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That it will continue to exhibit its present mild character is open to 
question. To Thomas Sydenham, “febris scarletina’’ was a mild 
disease. By the end of the eighteenth century, a severe form was 
prevalent in England, for in Willan’s reports on diseases in London in 
the vears from 1796 to 1800, there are numerous references to the 
gravity of the scarlet fever at that time. Immediately after this 
period, the severity diminished. Bateman, writing of the disease of 
London in vears from 1804 to 1816, frequently alludes to the mild type 
of scarlet fever. There is no question that a change occurred after 
1830 and the disease became, as Creighton noted, “the leadinge cause 
of death among the infectious diseases of childhood.” Apparently it 
remained so in England and in this country until the middle of the 
nineteenth century, when the decline in mortality thet has been noted 
began and has continued to the present time. This history is a warning 
against optimism until the causes of the decrease can be defined and 
explained. 

Pathogenesis. With the advent of the bacteriologic era it was 
confidently expected that the disease “scarlet fever’ would be found 
to be due to a specific microbial incitant, just as were diphtheria, 
tvphoid, tuberculosis and other common infectious disease. After 
5O years of research, the true nature of the pathogenesis of the disease 
syndrome has finally become apparent. 

The etiologic relationship of streptococci Was suspected very early, 
but attempts to separate those types which were capable ot causing 
scarlet fever from those which were not, by means of cultural and 
serologic procedure, were only partially successful. It became evident 
that they belonged to the “hemolytic” streptococci and that they 
possessed some degree of antigenic relationship. The nature of the 
essential biologic activity which distinguished them remained undis- 
covered until some 15 years ago. 

At this time, as a result of the observations and experiments of 
Schultz and Charlton, Mair, Dochez, and the Dicks, it became evident 
that the peculiar biologic activity which distinguished the hemolytic 
streptococci which caused scarlet fever was their ability to produce a 
particular toxin, called Dick toxin, or, more properly, erythrogenic 
toxin, erythrotoxin, or simply rash-producing toxin. It was demon- 
strated that the injection of bacteria-free filtrates of broth cultures of 
hemolytic streptococci containing this erythrotoxin into susceptible 
human beings reproduced cardinal symptoms of scarlet fever, except 
the sore throat; namely, fever, malaise, nausea, vomiting, and a gen- 
eralized scarlet rash. This afforded a rational interpretation of the 
pathogenesis. The sore throat is due to the primary localization of a 
strain of hemolytic streptococci in the throat with the resulting inflam- 
matory reaction. The characteristic constitutional reaction is due to 
the toxic products peculiar to these organisms. The complications 
and ultimate outcome are determined by the ability of the organism 
to proliferate locally and to invade the tissues progressively. Resistance 
and recovery depend upon the development of at least two types of 
immunity: (a) ability to prevent the growth and progressive invasion 
of the microérganism, that is, antibacterial; and (b) ability to neutralize 
the toxic products, especially the erythrotoxin, that is, antitoxie immun- 
ty. To what extent the latter affects the former is not yet clear. 
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This conception of the pathogenesis of scarlet fever has now received 
general acceptance. It raises a pertinent question: Should scarlet 
fever be regarded as a separate and distinct disease or simply as one 
of the clinical patterns or syndromes resulting from infection with 
hemolytic streptococci? The answer will depend very largely on 
whether it can be demonstrated that hemolytic streptococci which 
cause scarlet fever form a separate and distinct group meriting some 
such appellation as “Strep. hemolyticus var. scarlatinz’’ or equivalent. 

Identification of Scarlet Fever Streptococci. The question of the 
specificity of the scarlet fever streptococci is but a small part of the 
larger problem of the classification of streptococci in general and the 
correlation of types or subdivisions with the various conditions of 
health and disease in which they are found in man and animals. The 
present (1937) status of knowledge has been admirably reviewed by 
Sherman.”®> Attention here will be limited to those streptococci which 
produce characteristic beta-type hemolysis in blood agar. 

In the previous discussion, it was pointed out that the significant 
biologie activity which distinguished the hemolytic streptococci recov- 
ered from cases of scarlet fever was their ability to produce, under 
specified conditions of culture, the characteristic erythrotoxin. Effort 
has been made to use this quality as a means of identification. It has 
become evident, however (Kirkbride and Wheeler,” Eagles,”? Smith?” 
MeLachlan,?” et al.), that the ability to produce erythrotoxin is a 
function not peculiar to strains of hemolytic streptococci from scarlet 
fever alone, but possessed not infrequently by non-scarlatinal strains. 
Neither on the basis of the quality nor quantity of erythrotoxin pro- 
duced can a sharp distinction be made. 

Researches upon the serologic identification of hemolytic strepto- 
cocci, although discouraging for a long time, recently have been proved 
to be of considerable value. It will be recalled that up to 1930 there 
were two schools of thought. From the work of one group, Dochez, 
Avery and Lancefield,® Bliss,* Eagles,’* Gordon,® et al., it appeared 
that most strains of hemolytic streptococci—if not all--which caused 
scarlet fever, could be identified by three or four properly prepared type- 
agglutinating sera, and that they formed a group serologically distinct 
from non-scarlatinal strains. To the other group, working more re- 
cently, Griffith," Smith,“* James,“ and McLachlan and Mackie,”! 
it seemed that the situation was not so simple. Although certain 
predominant serologic types could be demonstrated along scarlatinal 
strains, similar types could be recovered from non-scarlatinal sources. 
Summarizing in 1932, the late Sir Frederick Andrewes? concluded that 
no one serologic form can be credited with the causation of scarlet 
fever, though three or four recognizable serologic types, namely, 
Griffith’s four major types, I, II, III and IV, seemed to be exceptionally 
commonly found in cases of the disease. To him it seemed that “the 
more one studies hemolytic streptococci the more strongly is the impres- 
sion gained that they are in a state of constant flux in which it is difficult 
to find any firm foundation for a permanent systematic classification.” 

However, even while these pessimistic views were being written, the 
researches of Lancefield’® upon the antigenic composition of the strepto- 
cocci were paving the way for the firm foundation of which Andrewes 
speaks. By means of a precipitin reaction, based upon the presence in 
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these organisms of a group specific polysaccharide, the “C”’ substance, 
it was found that the hemolytic streptococci could be divided into 
broad serologic groups which correlated significantly with previous 
knowledge of host relationships and pathogenicity. In particular, 
nearly all of the strains of hemolytic streptococci which are important 
in human pathology, fall into one group: Lancefield’s Group A (Swift, 
Lancefield and Goodner,”’ Hare,” Davis and Guzdar,® Lancefield and 
Hare,'? Hare and Maxtell," Colebrook, Maxtell and Johns‘). 

Having established this broad group, it is possible to subdivide it 
into types by means of a precipitin test based upon extracts of the type- 
specific protein, the “MM” substance contained in streptococci, or by 
means of agglutination. Independently, Griffith," by means of a slide 
agglutination, had established 27 types of Strep. pyogenes and stated 
that more than 30 such types exist. All but two or three of Griffith’s 
types have been found to belong in Lancefield’s Group A. There was 
thus afforded the basis for the serologic identification of the principal 
pathogenic hemolytic streptococci and their subdivision into types. 

On the basis of experience up to the present time, certain types, 
1, 2,3, 4,8, 10 (N. Y. 5), 11, 12, 23, have been found fairly commonly 
in scarlet fever; Types 5, 6, 13, 15, 19, 22, 26 and 27, less often. It is 
equally notable that these same types, and those remaining, have been 
found in non-searlatinal conditions, such as tonsillitis, septic sore 
throat, otitis, mastoiditis, septicemia, puerperal sepsis, erysipelas, as 
well as occasionally upon normal human skin and mucous membranes. 
In other words, by serologic technique the ty pes of hemolytic streptococci 
which cause scarlet fever can be identified, but they cannot, by this means 
alone, be differentiated sharply from the other types in Lancefield’s Group A 
which have been recovered from non-scarlatinal conditions. 

Production and Purification of Erythrotoxin and the Dick Reaction. 
One of the most valuable contributions of the Dicks was the develop- 
ment of the skin test which bears their name. It is not intended to 
review here the extensive literature which has appeared supporting the 
view that the principal hypothesis upon which the test rests is correct. 
Experience has shown that anomalies occur as with other similar tests 
(MeGibbon,'® Fraser“) and certain limitations to interpretation which 
were not at first appreciated have become apparent. 

Two important sources of error have been demonstrated: (a) the 
confusion caused by allergic reactions to other constituents of the test 
material, and (b) qualitative differences in the erythrotoxin produced by 
some strains of streptococci. 

Although there has been some difference of opinion as to the frequency 
of “ pseudo-reactions”’ due to allergy, and the necessity, therefore, for 
a simultaneous control test, recent work has emphasized that this 
source of error cannot be ignored. 

As a result of the researches of Ando, Kurauchi and Nishimura,' 
Toyoda and Fugati,?* Green,’ and Veldee,®® it has been found that 
crude filtrates produced according to the Dick method contain at least 
two substances capable of invoking skin reactions: (a) The first is 
contained in an alcohol-insoluble fraction. It is heat-labile, that is, 
completely inactivated by heating for 30 minutes at 100° C. It invokes 
the Dick test reaction of susceptibility, combines readily with antitoxin 
ind produces the symptoms of scarlet fever (except sore throat) when 
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injected in a sufficiently large dose in a Dick-positive child. This frae- 
tion evidently contains, in a considerable degree of purity, the essential 
erythrogenic toxin. (6) The second fraction is both alcohol- and acetic 
acid-insoluble. It is heat-stable, that is, boiling for 3 hours is required 
to destroy it. It possesses no combining power with antitoxin. It 
produced both local and constitutional reactions (but which are not 
typical of scarlet fever) when injected in sufficiently large doses, par- 
ticularly in an adult. It is apparently identical with the nucleoprotein 
obtained by the extraction of the washed bacteria themselves, and the 
skin reaction resulting from the injection of this fraction is a manifesta- 
tion of sensitization to this bacterial protein without relation to sus- 
ceptibility to scarlet fever. 

Veldee®® (1937) notes that the coéxistence of these two fractions in 
the crude toxin should cause no surprise in view of our more extensive 
knowledge of the reactions induced by diphtheria toxin where an exactly 
parallel situation exists. Susceptibility to the true toxins in either 
disease occurs when the circulating antitoxin falls sufficiently low; 
whereas reaction to the heat-stable bacterial protein is dependent upon 
sensitization to this protein brought about by actual contact with 
specific protein. Hence we find that disease susceptibility (as measured 
by the Dick or Schick tests) decreases with age and extent of exposure; 
whereas sensitivity to nucleoprotein increases with age and extent of 
exposure. Not infrequently, reaction to both factors exists in the same 
individual. 

Concerning the second source of error, although the erythrotoxin 
produced by most strains of scarlet fever streptococci is essentially 
similar, some degree of heterogeneity exists (Trask and Blake*®). To 
cover the range of variation, the Dicks require that the pooled products 
of four selected strains be used in the manufacture of toxin and anti- 
toxin. The scarlet fever antitoxin in routine use produced under the 
Dick patents neutralizes the toxins used in the Dick test, but fails to 
neutralize the toxins of about 10% of the strains isolated from patients 
(Fraser“). When exposure to such strains occurs, one might expect 
even a Dick-negative person to develop scarlet fever. 

With these qualifications, the Dick test is a reliable indication of the 
level of “anti-erythrotoxin” in the individual's tissues. It has not yet 
been proved, however, that a negative Dick test necessarily implies an 
ability to resist infection with hemolytic streptococci of Lancefield’s 
Group A. 

Relation of Scarlet Fever to Other Infections With Group A Hemo- 
lytic Streptococci. That scarlet fever streptococci might cause infec- 
tions of the throat without a rash had long been suspected and was 
definitely established by Stevens and Dochez.* They observed that 
such infections occurred among persons who had negative Dick reac- 
tions, implying again that immunity against the erythrotoxin does 
not necessarily imply protection against the angina. Studies of the 
frequency of negative Dick reactions in relation to age and a history 
of attack have suggested that a considerable proportion of persons, 
perhaps 4 out of every 5, gain their antitoxic immunity (Dick-negative 
reaction) without having had a recognizable clinical attack of fever 
with rash. Such observations would indicate that infections with 
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hemolytic streptococci capable of causing scarlet fever, occur far more 
frequently without the rash than they do with it. 

In this connection, a recent study by Stebbins, Ingraham and Reed™ 
of the records of 1529 cases of streptococcus infection occurring in 
7 milk-borne epidemics in New York State during the period 1934-36 
is most interesting. The source of contamination of the milk supply 
in 6 out of 7 outbreaks was shown to be a cow suffering from an acute 
Inastitis caused by a hemolytic streptococcus belonging to Group A. 
Three of these epidemics were classified as scarlet fever and 4 as septic 
sore throat. The clinical manifestations of cases observed in’ the 
various outbreaks were strikingly similar, with the exception of the 
presence or absence of a characteristic scarlet fever rash and desquama- 
tion. In the 3 epidemics classified as scarlet fever, a typical scarlet 
fever rash was observed in 609% of the cases; 40% had no rash. The 
character and frequency of complications were practically the same in 
the septic sore throat cases as in the scarlet fever cases. A previous 
history of scarlet fever had no influence on the frequency of infection 
with either clinical type of infection, but was associated with a lower 
incidence of rash in the scarlet fever cases. Dick tests done after 
recovery indicated that the proportion of persons who had become 
negative as a result of their illness was greater among those who had 
had searlet fever than among those who had had septic sore throat. 

The implications of this study may be extended to other human 
infections with hemolytic streptococci of Group A, such as otitis, mas- 
toiditis, puerperal sepsis, wounds and burns (Longcope'*). Whether 
or not the infection is accompanied by a scarlet rash will depend upon 
the balance between two factors: (a) the ability of the invading strain 
to produce a sufficient quantity of erythrotoxin under the conditions 
of growth in the tissues; and (/) the ability of the host to produce 
sufficient quantities of anti-erythrotoxin to neutralize this toxin. — If 
the rash becomes manifest or if the case is associated with others which 
show a rash, it is classified as “scarlet fever.” If no rash becomes 
apparent, it is an “infection with hemolytic streptococci.”” Whether 
the rash is of importance in prognosis or only in diagnosis is not yet 
clear, as the ultimate outcome of the infection depends upon the 
ability of the organism progressively to invade the tissues. To what 
extent production of erythrotoxin facilitates this invasion is unknown. 

Publie Health Implications. From these considerations, it appears 
that neith® fromthe point of view of specificity of the e tiologic organ- 
isms nor from the point of view of clinical manifestations is scarlet fever 
a distinct disease. Just as the hemolytic streptococci which cause it 
merge into the other streptococci of Lancefield Group A, so the classi- 
cal disease syndrome merges into those of related infections caused 
by this group. Accordingly, scarlet fever should be regarded simply 
as a clinical manifestation of infection with one of the types of the 
Group A streptococci. 

If this view be adopted, then it follows logically that any program 
of prevention should deal with this whole group of infections and not 
simply with those which show a rash. This applies to efforts to develop 
a satisfactory artificial immunity as well as efforts to control by quaran- 
tine and isolation. 


K. F. Maxcy, M.D. 
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